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SYNOPSIS  

N8790R, opera t ing  as F l i g h t  505, crashed during landing a t  
A Trans Caribbean Airways, Inc.,  Boeing 727-200, 

t h e  Harry S Truman A i r p o r t ,  St. Thomas, Virgin I s l ands ,  a t  

passengers and seven crewmembers a F ,  two passengers 
1442 A t l a n t i c  s tandard  time on December z's. 1970. Of t h e  48 

received f a t a l  i n j u r i e s .  
I 

The weather a t  t h e  a i r p o r t  was clear, with v i s i b i l i t y  
i n  excess of 30 miles. The su r f ace  winds were repor ted  t o  
be from llOo a t  10 knots a t  t h e  time of the accident.  

F l i g h t  505 made a v i s u a l  approach t o  Runway 9. The 
approach appeared t o  be normal until touchdown, a f t e r  which 

runway. The a i rcraf t  touched down again very  hard, became 
t h e  a i r c r a f t  ascended to a he igh t  of about 50 f e e t  above t h e  

a i rborne  again, and touched down a t h i r d  and l a s t  time about 
2,700 f e e t  down t h e  4,650-foot runway. Almost 
simultaneously with t h e  l a s t  touchdown, t h e  r i g h t  wing t i p  
s e t t l e d  t o  t h e  runway. The a i r c r a f t  then  veered o f f  t h e  
r i g h t  s i d e  of  t h e  runway, continued along a g r a s s  median 
s t r i p  p a r a l l e l  t o  t h e  runway, passed through trie airport 

rest a g a i n s t  a h i l l s i d e  ad jacen t  t o  t h e  highway. A small 
perimeter  fence, crossed over a paved highway, and came t o  

a genera l  conf lagra t ion  developed. I n  t h e  inter im,  46 of 
f i r e  i g n i t e d  immediately bu t  several minutes e lapsed before  

t h e  48 passengers and a l l  crewmembers escaped from t h e  
a i r c r a f t .  The i n j u r i e s  t o  t h e  survivors va r i ed  from none to  
serious.  
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The National  Transporta t ion Safety  Board determines 
t h a t  t h e  probable cause of t h i s  acc ident  was t h e  c a p t a i n ' s  
use  of improper techniques i n  recover ing from a high bounce 

of cockp i t  crew coordinat ion dur ing t h e  approach and 
generated by a poorly executed approach and touchdown. Lack 1-1 H i s  

attempted recovery cont r ibu ted  t o  the  accident.  
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1- --- INVESTIGATION 

1.1 Historv of F l i u h t  

Boeing 727-200, N8790R. w a s  a r e g u l a r l y  scheduled passenger 
Trans Caribbean Airways, Inc. (TCA) , F l i g h t  505, a 

f l i g h t  from New York, N. Y., t o  St.  Croix, Virgin I s l ands ,  
with in te rmedia te  s t o p s  a t  San Juan, Puer to  Rico, and St. 
Thomas, Virgin Is lands .  

of t h e  f l i g h t  was completed rout inely.  F l i g h t  505 departed 
On December 28, 1970, t h e  New York t o  San Juan p o r t i o n  

San Juan a t  1427 1/ on an Instrument F l i g h t  Rules ( I F R )  

Route 2 t o  t h e  St. Thomas VOR 2/ t o  maintain 7,000 feet mean 
f l i g h t  plan f o r  St. Th&nas. The f l i g h t  was c lea red  v i a  

minutes. The weather throughout the a r e a  was genera l ly  
sea level (m.s.1.). The en  r o u t e  time was est imated a t  15  

clear and t h e  v i s i b i l i t y  was i n  excess of 30 miles. A t  
1435, F l i g h t  505 was c l e a r e d  by San Juan Center t o  descend 
t o  3,000 feet m.s.1.. and a t  1438 t h e  f l i g h t  cance l l ed  t h e  
IFR f l i g h t  plan and proceeded under v i s u a l  f l i g h t  ru les .  

was cleared v i a  Savannah I s l and ,  a v i s u a l  checkpoint about 7 
Contact was e s t a b l i s h e d  wi th  St. Thomas tower and F l i g h t  505 

approach t o  Runway 9. The s u r f a c e  winds were repor ted  t o  be 
miles west of t h e  Harry S Truman Airport ,  for a s t r a i g h t- i n  

was given clearance t o  land. A wind check was requested 
from 1200 a t  5 knots. F l i g h t  505 repor ted  over Savannah and 

when t h e  f l i g h t  was s e v e r a l  miles from touchdown, and t h e  
St. Thomas tower c o n t r o l l e r  r epor ted  the wind t o  be from 
1100 a t  10 knots. 

The crew repor ted  t h a t  the approach was conducted 
using t h e  VAS1 a/ for g l i d e  slope reference,  with a s ink  
r a t e  of 600 t o  700 feet per  minute, and an  a i r speed  
approximately 5 knots over r e fe rence  speed (117 knots) 41. 

runway according t o  t h e  tower local c o n t r o l l e r .  I n  t h e i r  
The f i r s t  touchdown occurred approximately 300 f e e t  down-the 

normal. However, t h e  cap ta in  s t a t e d  that he broke h i s  g l i d e  
statements, the crew a l l  noted t h a t  t h e  approach seemed 

just over t h e  end of t h e  runway wi th  no power reduct ion,  bu t  
t h a t  t h e  aircraft made a sudden and very hard con tac t  wi th  
t h e  runway approximately 1 second before he expected it t o  

! 

i 
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touchdown. The f i r s t  o f f i c e r  noted t h a t ,  a f t e r  f l a r i n g ,  
t h e  a i r speed  dropped r a t h e r  r ap id ly  t o  5 knots below 
re fe rence  speed, and t h e  a i r c r a f t  dropped or touched down an 
i n s t a n t  l a t e r .  

ascending t o  a he ight  es t imated by seve ra l  witnesses t o  have 
The a i r c r a f t  i m e d i a t e l y  rebounded i n t o  the  a i r ,  

been 30  t o  50 f e e t ,  w i t h  an a t t i t u d e  descr ibed by t h e  f l i g h t  
engineer a s  lo... nosed up more than I had seen before." 

subsequent t o  t h e  i n i t i a l  touchdown; however, both o the r  
The cap ta in  r e c a l l s  none of the events  of t h e  f l i g h t  

f l i g h t  crewmembers noted t h a t  t he  cap ta in  d id  n o t  seem t o  be 
r eac t ing  a s  he normally would. The f i r s t  o f f i c e r ,  who 
followed t h e  cap ta in  through t h i s  bounce w i t h  h i s  hands on 

i t h e  yoke, d i d  n o t  t h ink  t h e  cap ta in  was using s u f f i c i e n t  

c r e s t ed  the bounce, the cap ta in  reached f o r  t h e  speed brake 
con t ro l  force.  The f l i g h t  engineer noted "Then a s  we 

handle, paused f o r  a second, then pul led  it back; then 
re turned it j u s t  before, o r  a s  w e  touched t h e  second time." 

i 

th reshold  according t o  t h e  tower c o n t r o l l e r .  This touchdown 
The second touchdown occurred about 1 ,500 f e e t  from t h e  

was descr ibed a s  hard both by eyewitnesses and passengers. 
Two passengers commented: I*.-. so hard it l i t e r a l l y  shook 
t h e  s t u f f i n g s  ou t  of t h e  whole plane" and *'-. . extremely 
v io l en t  bone j a r r i n g  i s  an a p t  d e s c r i p t i o n  - and t h e r e  was a 
buckling e f f e c t  with noise  of gr inding metal.I1 Two 
passengers thought something on the r i g h t  main landing gear 
broke on t h i s  touchdown. 

es t imated he ight  of 15 t o  30 f ee t .  The f i r s t  o f f i c e r  noted 
The a i r c r a f t  then bounced again,  t h i s  time t o  an 

mThe a i r c r a f t  bounced a second time, t h e  nose over- ro ta t ing  
upwards. It  was a t  t h i s  po in t  t h a t  I took f i rm hold of t h e  
yoke and pushed forward. A s  t h e  a i r c r a f t  reached t h e  crest 
of t h e  bounce I pulled.  a l l  t h e  way back on t he  yoke. The 
a i r c r a f t  touched down the t h i r d  time and s tayed on the  
ground. 
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Several witnesses v e r i f i e d  t h a t  t h e  t h i r d  touchdown 
occurred about 2,700 feet from the threshold ,  and t h a t  t h e  
r i g h t  wing t i p  s e t t l e d  and began t o  drag on t h e  runway 

t h a t  t h e  f i r e  department was c a l l e d  j u s t  a f t e r  t h i s  bounce. 
immediately a f te r  t h e  touchdown. The local c o n t r o l l e r  said 

around, according t o  t h e  o t h e r  crewmembers, and t h e  f l i g h t  
It was about t h i s  time that t h e  c a p t a i n  c a l l e d  for a go- 

engineer advised him n o t  to. The c a p t a i n  advanced t h e  
t h r u s t  lever, and he c a l l e d  for t h e  f l a p s  t o  be raised t o  

h i s  lef t  hand and then  with both hands, before he succeeded 
250. The f l i g h t  engineer  noted t h a t  he t r i e d ,  f i r s t  wi th  

i n  r a i s i n g  t h e  f l a p  lever t o  t h e  2 5 0  se t t i ng .  The aircraft 
veered off t h e  runway 3,800 feet beyond the threshold ,  and 
t h e  first officer helped t h e  c a p t a i n  regain  d i r e c t i o n a l  
control .  

witnesses r e c a l l e d  hear ing  I1muted popping soundsn or 
A t  approximately t h i s  point  i n  the sequence of events ,  

t a i l p i p e s  of one or  more engines. One witness, an  a i r c r a f t  
llbackfirel' noises ,  and some saw flames extending from t h e  

mechanic, s t a t e d  t h a t  t h e  No. 3 engine compressor was 
d e f i n i t e l y  s t a l l i n g  as it passed h i s  posi t ion.  This witness 
was loca ted  approximately 3,800 feet  from t h e  runway 
threshold. 

runway, across t h e  access taxiway t o  Runway 27 and through a 
The a i rcraf t  t h e n  continued, almost p a r a l l e l  t o  t h e  

chain l i n k  boundary fence  a t  a point  4,950 feet  from t h e  
threshold  of Runway 9. The landing gear and r i g h t  wing t i p  
then s t r u c k  a r a i s e d  concre te  sidewalk loca ted  about  4 f e e t  
beyond the fence. The a i rcraf t  passed over  t h e  sidewalk and 
an adjacent  highway and crushed a t r u c k  thereon tha t  had 
been h a s t i l y  abandoned by its d r i v e r  seconds earlier.  The 
a i r c r a f t  continued up t h e  i n c l i n e  of a h i l l  immediately 
e a s t  of t h e  highway and began t o  break a p a r t  as it came t o  a 
stop. An explosion occurred i n  t h e  v i c i n i t y  of t h e  l e f t  
wing root immediately a f t e r  t h e  a i r c r a f t  stopped. This  was 
followed by a small f i r e  i n  t h e  same area, as t h e  passenger 
evacuation began. Severa l  minutes elapsed before  t h e  f i r e  
became i n t o l e r a b l e ;  i n  t h e  meantime 4 6  of t h e  48  passengers 
and a l l  seven of t h e  crewmembers had escaped from t h e  
a i r c r a f t .  The f l i g h t  engineer  helped t h e  capta in ,  who 
appeared t o  be too stunned t o  leave t h e  a i r c r a f t .  
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The acc ident  occurred i n  day l igh t  a t  an e leva t ion  of 11 
f e e t  m.s.1. The l o c a t i o n  was a t  l a t i t u d e  180 20' N. 
longi tude  640 581 W. 

1.2 I n j u r i e s  t o  Persons 

I n j u r i e s  --- crew Passensers 

F a t a l  
Nonfatal 
None 

0 
I 
0 

43  
2 

3 

others 

0 
0 

The i n j u r i e s  sus t a ined  by the survivors  va r i ed  from c r i t i c a  

which were sus ta ined  by crewmembers. A t o t a l  of 20 of t h e  sur-  
(1) to minor or none. There were 11 se r ious  i n j u r i e s ,  two O f  

v ivors  required hosp i t a l i za t ion .  

t r a i n i n g .  
performar 

The 
received 
d i r e c t i v  

The 
x - 8  i n  
B-127, c 
previous 
October 
was l o l (  

.1 
BO 

(second 
f i r s t  o 
1519:54 
17,589: 

1.3 Damage t o  Aircraft 

Fc 
The a i r c r a f t  was destroyed by t h e  ensuing fire.  

, I. 4 _Other Damase 

path of Fl ight  505 was substantial ly.damaged.  
A pick-up t r u c k  abandoned on the  highway i n  the 

l i g h t  systemsl t o  t h e  a i r p o r t  boundary fence, and t o  an electric 
Minor damage was done t o  the  a i r p o r t  runway and taxiway 

u t i l i t y  l i n e  near t h e  wreckage site. 

1.5 -Information 

completed a l l  t r a i n i n g  and prof ic iency  requirements. A 
The f l i gh tc rew was properly c e r t i f i c a t e d  and had 

review of the  records  disclosed no d iscrepanc ies  i n  
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mainta 
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t ra in ing .  Favorable comments had been made regarding t h e  
performance of both t h e  cap ta in  and t h e  f i r s t  o f f i c e r .  

received proper t r a i n i n g  i n  accordance w i t h  e x i s t i n g  
The purser  and t h e  t h r e e  f l i g h t  a t t e n d a n t s  had a l l  

d i r ec t ives ,  and t h e i r  emergency t r a i n i n g  was cur ren t .  

The captain ,  who t r a n s i t i o n e d  t o  t h e  Boeing 1 2 1  from a 
DC-8 i n  September 1910, had a t o t a l  of 169:34 hours i n  t h e  
B-721, of  which 32:55 were t r a i n i n g  hours. H e  had made f i v e  
previous entr ies  i n t o  St .  Thomas, t h r e e  of which occurred i n  
October , and t w o  i n  December, 1910. H i s  t o t a l  f l y i n g  time 
was 10,665:33 hours. 

Both of t h e  o t h e r  crewmembers had more p i l o t  time 

f i r s t  o f f i c e r  had 1126:41 hours, and t h e  f l i g h t  engineer had 
(second-in-command) i n  t h e  B-121 than d i d  t h e  cap ta in ;  t h e  

1519:54. Their  t o t a l  f l y i n g  hours were 21,016:28 and 
17,589:26, respec t ive ly .  

For a d d i t i o n a l  crew information,  see Appendix B. 

1.6 A i r c r a f t  Information 

maintained i n  accordance with  e x i s t i n g  regula t ions .  
The a i r c r a f t  was proper ly  c e r t i f i c a t e d  and it had been 

The weight and center  of g r a v i t y  were wi th in  t h e  pre- 
scribed limits f o r  t h e  f l i g h t  from San Juan t o  St. Thomas. 
The a i r c r a f t  had been serviced with Type A av ia t ion  
kerosene. 

j . 7  Ueteorolosical  Information 

.- 
The sur face  weather observat ion f o r  St. Thomas a t  1350 

was: s c a t t e r e d  clouds a t  2 ,000 f e e t ,  v i s i b i l i t y  35 miles, 
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1.9 cornu1 
winds 120° a t  10 knots, altimeter 29.97, temperature 87O F., 
with towering cumulus clouds e x i s t e n t  i n  a l l  quadrants. 

f l i g h t  f r o  
NO pr' 

check, t h e  tower c o n t r o l l e r  repor ted  t h e  winds t o  be from 
I n  response t o  a r eques t  from F l i g h t  505 f o r  a wind 

on f i n a l  approach, several miles from t h e  a i r f i e l d .  
1100 a t  10 knots;  t h i s  was given a t  1341 when t h e  f l i g h t  was 

weather observat ion  was: s c a t t e r e d  clouds a t  2,000 f e e t ,  
subsequent t o  t h e  acc ident ,  a t  1443,  t h e  surface 

v i s i b i l i t y  30 miles, winds 1100 a t  1 0  knots,  altimeter 
29.95. 

$, 1.8 Aids t o  Navicfa- 
I 

Airport using g l i d e  slope d a t a  from t h e  VAS1 system 
F l i g h t  505 made a v i s u a l  approach t o  Harry S ,  Truman 

i n s t a l l e d  on Runway 9. T h i s  was a non-standard system, 
comprised of two sets of boxes loca ted  on each s i d e  of t h e  
runway 550 feet and 1,050 feet  from t h e  threshold ,  
r e spec t ive1  y. 

g l idepa th  angle. The aiming p o i n t  is 800 f e e t  from t h e  
The system i s  normally a l igned for a 2.5O (i 0.2O) 

runway th resho ld  and, based upon a 2-50 angle,  the thresho ld  
c ross ing  a l t i t u d e  is approximately 35 feet. 

December 28, 1970,  t h e  FAA determined t h a t  t h e  g l idepa th  
I n  a f l i g h t  inspect ion  of t h e  system conducted on 

angle  on t h e  right- hand system was 2.550, t h a t  of t h e  l e f t -  
hand system was 2.750, and t h e  average g l idepa th  angle f o r  
the e n t i r e  system was 2.650. This  misalignment of t h e  left-  
hand system was a n  out- of- tolerance cond i t ion  and t h e  FAA 
took t h e  system out of service u n t i l  t h e  g l idepa th  angle was 
c o r r e c t l y  adjusted.  

/ 
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1.9 Communications 

f l i g h t  from San Juan to  St. Thomas. 
NO problems with  communications were reported on t h e  

1-10 Aerodrome and Ground F a c i l i t i e s  

The Harry S Truman Ai rpor t  i s  loca ted  on the  southern 
shore of St .  Thomas I s l a n d  a t  an e l e v a t i o n  of 11 f e e t  

Amalie. 
m.s.l., about 2.5 miles west of t h e  town of Char lo t t e  

The i s l a n d  of St. ,Thomas i s  of volcanic  or ig in .  The 
a i r p o r t  s i te is on one of t h e  few low, f l a t  areas. The 
a i r p o r t  has a s i n g l e  bituminous surfaced runway, 9-27 (east-  
west), which is 4,650 feet long and 200 f e e t  wide, wi th  a 
500- f o o t  long by 100-foot wide overrun on t h e  e a s t  end. A 
s ingle  p a r a l l e l  taxiway loca ted  250 f e e t  sou th  of t h e  runway 
cen te r l ine  provides access  t o  t h e  runway. 

sea, and t h e  e f f e c t i v e  l eng th  of t h a t  runway i s  4,650 fee t .  
The c l e a r  zone from t h e  west t o  Runway 9 i s  over t h e  

Landings on t h i s  runway a r e  author ized f o r  these  a i r c r a f t  
only a t  400 f l a p  s e t t i n g s .  Because of t e r r a i n  obs t ruc t ions  
consis t ing of h i l l s  r i s i n g  t o  he igh t s  of 175 and 230 f e e t  
m.s.l., along t h e  approach path, and ad jacen t  t o  t h e  end of 
Runway 27, landings  to  t h e  west a r e  not  permitted f o r  t h i s  
type a i r c r a f t .  

There a r e  two wind cones a v a i l a b l e  on t h e  a i r p o r t ,  one ~ 

on each s i d e  of t h e  runway. The f i r s t  i s  on t h e  south s i d e  
of the  runway, 500 f e e t  from t h e  th reshold  of Runway 9; t h e  
second is  on t h e  n o r t h  s i d e ,  3,000 f e e t  from t h e  same 
threshold. An anemometer is 1,700 f e e t  from t h e  th reshold  
and on the nor th  s i d e  of Runway 9. Wind information is 
transmitted from t h e  anemometer t o  t h e  c o n t r o l  tower. 

I 
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1.11 F l i g h t  Recorders 

(a) F l i a h t  Data Recorder 

The a i r c r a f t  was equipped with a United Data 
Control  F l i g h t  Data Recorder, model F542, S / N  2469. 
This u n i t  was recovered i n  good condi t ion and a l l  
parameters were funct ioning,  al though the  a l t i t u d e  
t r a c e  contained a cons tan t  t 250-foot e r r o r .  A da ta  
graph was p l o t t e d  beginning 3 minutes p r i o r  t o  a 
po in t  on t h e  v e r t i c a l  a c c e l e r a t i o n  t r a c e  where a peak 
of +1.7 g * s  appears, and t h e  beginning of t h i s  p l o t  
w a s  l abe led  time zero. 

The d a t a  p l o t  is set f o r t h  i n  Attachment 1. 

4 
(b) Cockpit V e R e c o r d B  

voice  recorder  (CVR) , model 642C-1, S/N 712. This 
The a i r c r a f t  was equipped w i t h  a Col l ins  cockpi t  

u n i t  produced a gene ra l ly  i n t e l l i g i b l e  t a p e  which 
contained,  i n  add i t ion  t o  the  voices  of t h e  crew, 
var ious  sounds assoc ia ted  with  t h e  approach, landing,  

i nc lude  those  a s soc ia t ed  with gear and f l a p  actua- 
and subsequent phases of t h i s  f l i g h t .  These sounds 

t i o n ,  trim ac tua t ion ,  and var ious  warning horns. A 
t r a n s c r i p t  was made of t h e  por t ion  of the  t a p e  from 
t h e  e a r l y  phase of t h e  approach t o  t h e  end of t h e  
recording. The times recorded on t h i s  t r a n s c r i p t  

recording. 
i n d i c a t e  t h e  time i n  seconds p r i o r  t o  the end of t h e  

the f i n a l  approach, t h e  f l i g h t  engineer f i r s t  
noted t h a t  it was good day t o  slow up", and he 
then s a i d ,  "1 want you t o  slow it up once and see i f  
ya f e e l  it." Shor t ly  t h e r e a f t e r ,  t h e  following was 
recorded: ( f l i g h t  engineer)  "And the  VAS1 s lope  
shows you . . .-I1 (captain)  "A l i t t l e  high.I1 

Soon a f t e r  t h e  f l i g h t  was configured f o r  

D 
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During t h e  descent ,  both t h e  f i r s t  o f f i c e r  and t h e  
f l i g h t  engineer commented on t h e  rate of descent. 
The f i r s t  o f f i c e r  f i r s t  noted t h a t  t h e  s i n k  was 600 
f e e t  per  minute (fpm) , the f l i g h t  engineer l a t e r  
s t a t e d  t h a t  t h e  cap ta in  was high on h i s  s ink,  and 4.4 

t h e  f i r s t  o f f i c e r  observed t h a t  t h e  s i n k  rate was 
seconds before  t h e  sounds a s soc ia t ed  with touchdown, 

700 fpm. 

voice recorder  tape.  
Refer t o  Appendix C f o r  a t r a n s c r i p t  of t h e  cockpi t  

1.12 Wreckaqe 

were found on the runway which were assoc ia ted  with t h e  
During t h e  on-scene inves t iga t ion ,  var ious  markings 

landing of t h i s  a i r c r a f t .  

Rubber scuff  marks were noted approximately 365 f e e t  
from t h e  runway threshold.  The d i s t ance  between t h e  c e n t e r s  
of these  marks was equal  t o  t h e  spacing between t h e  main 
landing gear of t h e  E-727. 

A t  a po in t  1 ,490  f e e t  from t h e  threshold,  a 17-foot 
long groove was c u t  i n t o  t h e  su r face  of t h e  runway p a r a l l e l  
t o  the  cen te r l ine .  The t a i l s k i d  scuff  block from t h e  
a i r c r a f t ,  which was worn f l a t ,  was removed from t h e  wreckage 
and found t o  match t h e  width of  t h i s  groove. 

were very small  b i t s  of  l igh tweight  material and parts of 
The a i r c r a f t  p a r t s  l oca ted  nea res t  t o  t h e  th reshold  

s t r u c t u r a l  f a s t ene r s .  These pa r t s ,  which were s c a t t e r e d  
approximately 2 , 0 0 0  f e e t  from t h e  threshold,  were n o t  found 
a t  t h e  time Board i n v e s t i g a t o r s  surveyed t h e  scene. The 
f i r s t  p a r t s  documented i n  p lace  were loca ted  2,700 f e e t  down 
t h e  runway. These p a r t s  included p l ex ig la s s  from t h e  r i g h t  
wing t i p ,  t he  a f t  panel of t h e  r i g h t  outboard f l a p ,  p ieces  
of t h e  r i g h t  l anding  gear  inboard a t t a c h  l i n k  assembly, a 
sect ion of f l o o r  beam web from Fuselage S t a t i o n  (FS) 940, a 
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s e c t i o n  of s t r i n g e r  from t h e  same genera l  a rea ,  and numerous 
f a s t e n e r s  o r  parts of f a s t ene r s .  

runway and i n  t h e  grass area  ad jacent  t o  t h e  runway from a 
The landing gear l e f t  i n t e r m i t t e n t  t r a c k s  on t h e  

point  j u s t  over 2,900 f e e t  down t h e  runway t o  a sidewalk 

o f f  t h e  r i g h t  edge of the  runway a t  3,800 f e e t .  
loca ted  along t h e  perimeter road. The nose wheel t r a c k  r an  

The a i r c r a f t  passed through a chain l i n k  fence 4,750 
f e e t  from the threshold,  s t ruck  t h e  edge of t h e  r a i s e d  

t h e  perimeter road, and impacted t h e  slope of a h i l l  loca ted  
concre te  sidewalk, s t ruck  t h e  roof of a t ruck  abandoned on 

beyond t h e  road. The fuse lage  sec t ions  came t o  rest, 
e s s e n t i a l l y  upr ight ,  300 f e e t  from t h e  end of t h e  runway and 
.200 f e e t  t o  t h e  r i g h t  of t h e  runway c e n t e r l i n e  extended. 
%hese s e c t i o n s  were ro ta t ed  approximately 900 clockwise from 
i 

t h e  runway heading. 

with two complete f r a c t u r e s  of t h e  fuse lage  and a f r a c t u r e  
The a i r f rame sus ta ined  extensive s t r u c t u r a l  damage, 

of t h e  v e r t i c a l  f i n .  The fuse lage  f r a c t u r e s  occurred fore-  
and- aft  of t h e  wing c e n t e r  sec t ion ,  a t  FS 700 and i n  the 
a rea  of FS 940. The v e r t i c a l  f i n  f r ac tu red  a t  Fin S t a t i o n  
87, with c o n t r o l  cab le s  r e t a i n i n q  the  broken sect ion.  

i n  order  t o  determine t h e  conf igura t ion  of t h e  a i r c r a f t  a t  
The var ious  c o n t r o l s  and t h e i r  a c t u a t o r s  were examined 

impact: 

The measurements between the lower s tops  and t h e  

were cons i s t en t  with those  which occur a t  a 400 
moving n u t s  of t h e  wing f l a p  jackscrew assemblies 

f l a p  extension; 

The wing leading edge devices were extended: 

A l l  wing f l i g h t  s p o i l e r  panels  examined were i n  t h e  
r e t r a c t e d  pos i t ion ;  
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The h o r i z o n t a l  s t a b i l i z e r  was found pos i t ioned 
approximately seven t o  e i g h t  u n i t s  a i r p l a n e  nose up. 

t h e i r  pylons. The No. 2 engine was separa ted  from i ts  
The NOS. 1 and 3 engines were i n t a c t  and i n  place on 

attach mounts and was found under t h e  empennage. The 
engines bore no evidence of opera t ing  d i s t r e s s ;  no evidence 
of blade separa t ion  or  d i s c  f a i l u r e  was found, nor d id  t h e  

contamination. The cockp i t  was destroyed by f i r e ;  however, 
various engine f i l t e r s  d i s p l a y  any evidence of 

the steel  remains of t h e  t h r e e  t h r u s t  levers were recovered 
with t h e  reverser l e v e r s  i n  t h e  forward and stowed posi t ion.  

position. 
The t h r u s t  reverser deflector doors were found i n  t h e  stowed 

Although t h e  f u e l  l i n e  t u n n e l s  were almost e n t i r e l y  
consumed. t h e  engine f u e l  l i n e s  were i n t a c t ,  and were 
continuous from t h e i r  respective engines t o  t h e  area of t h e  
fue l  tanks.  The No. 1 engine f u e l  shu to f f  valve was 
consumed: t h e  NOS. 2 and 3 valves were i n t a c t ,  and were 
found i n  t h e  open pos i t ion .  

Because of evidence on the runway of a r i g h t  main 
landing gear f a i l u r e ,  the  gear components and the gear  
at tach s t r u c t u r e  were subjec ted  t o  close s c r u t i n y  t o  
determine i f  any i n c i p i e n t  f a u l t  may have caused f a i l u r e  of 
the landing gear  or i t s  attachments. 

d gear a t t a c h  s t r u c t u r e  may provide a b e t t e r  understanding of 
A b r i e f  explanat ion  of t h e  s t r u c t u r a l  design of t h e  

t h i s  system. The loads  app l i ed  t o  t h e  B-727 landing gear 
are  reac ted  by t h e  wing s p a r  a t  t h e  forward t runn ion  points, 
by t h e  landing gear  beam a t  the a f t  t runnion point ,  and a t  
the  s i d e  brace support  point.  Those loads  app l i ed  t o  the 

the  outboard end of t h e  beam and by t h e  body-to-main landing 
landing gear beam are, i n  t u r n ,  r eac ted  by t h e  wing spa r  a t  

gear (MLG) l i n k  a t  t h e  inboard end. The major p a r t  of the  
link load i s  r e a c t e d  i n t o  t h e  body by t h e  FS 9 4 0  frame, and 
bending moments r e s u l t i n g  from fur ther  d i s t r i b u t i o n  of these 
loads i n t o  t h e  fuse lage  are reac ted ,  i n  p a r t ,  by t h e  FS 940 
f loor  beam. 1( 
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dent  i n  t h e  a rea  of t h e  r i g h t  gear  a t t a c h  s t ruc tu re .  The FS 
Considerable damage t o  t h e  fuse lage  s t r u c t u r e  was evi- 

940  frame was recovered from t h e  main wreckage, s tanding 
v e r t i c a l l y  beneath its normal pos i t i on  wi th  r e spec t  t o  t h e  

t h e  right-hand fuse lage  s t r u c t u r e  remained i n  place--most of 
fuselaqe.  Few of t h e  f a s t e n e r s  which a t t a c h  t h e  frame t o  

them were separated,  l eav ing  v e r t i c a l l y  elongated holes  i n  
t h e  frame and t h e  fuse lage  skin. I t  was f a s t e n e r s  of t h i s  
type and s i z e  which were found on t h e  runway approximately 
2,700 f e e t  from t h e  threshold.  A por t ion  of t h e  FS 940  
f l o o r  beam w a s  a l s o  found on the runway i n  t h i s  area .  

The na tu re  of t h e  f a i l u r e s  of t h e  landing gear  a t t a c h  
s t r u c t u r e  was s tud ied  by t h e  Boeing Company, and t h e  
f ind ings  of t h a t  study a r e  repor ted  i n  Sect ion 1.15, Tests 
and Research. The broken pieces  of t h e  body-to MLG l i n k ,  

'. t o  the Boeing Company f o r  examination. The results of t h i s  
some of which were a l s o  found on t h e  runway, were forwarded 

iexamination a r e  a l s o  repor ted  i n  Sect ion 1.15. t 

The landing  gear assembly and i ts  attachments t o  ! 
t h e  a i r c r a f t  s t r u c t u r e  were examined minutely, with no 
evidence of any preimpact malfunction observed. 

1.13 Fire 

the a i r c r a f t  came t o  rest a g a i n s t  t h e  western s lope  of Sara 
There was no evidence of t h e  ex i s t ence  of f i r e  u n t i l  

H i l l .  Witnesses repor ted  t h a t ,  a t  t h a t  time, an explosio& 
occurred i n  t h e  a rea  of the l e f t  wing r o o t ,  c r e a t i n g  a l a r g e  
column of black smoke t h a t  d i s s i p a t e d  rap id ly .  A small  f i r e  

e lapsed before  it s e r i o u s l y  jeopardized the  evacuation 
s t a r t e d  i n  t h e  a rea  of t h e  explosion but  s eve ra l  minutes 

e f f o r t s .  

of t h e  runway and about 800 f e e t  west of t h e  approach end of 
The airport f i r e  department i s  loca ted  200 f e e t  nor th  

Runway 27. The s t a t i o n  was manned by s i x  f i r e f i g h t e r s .  An 

were a v a i l a b l e  from personnel  i n  the a i r p o r t  maintenance 
a d d i t i o n a l  nine a u x i l l a r y  f i r e f i g h t e r s  had been t r a i n e d  and 
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-shop. The following equipment was a v a i l a b l e  t o  t h e  f i r e  
department: 

1- Engine I (pumper) with a capac i ty  of 300 g a l l o n s  of 
water and 18 ga l lons  of foam. 

1- Engine I1 ( f i r e  boss) with a capaci ty  of 1,500 pounds 
of dry  powder, 500 g a l l o n s  of water, and 100 g a l l o n s  
of foam. 

1- Quick-dash t r u c k  w i t h  a capaci ty  of 300 pounds of dry 
chemical powder and one 225-pound ni t rogen bo t t l e .  

1- Standby water t r u c k  with a capac i ty  of  1,000 g a l l o n s  
of water. 

of the permanent f i r e f i g h t i n g  personnel. Response to t h e  
The c rash  sequence and impact were observed by several 

crash was ins tantaneous  with Engines I and I1 and an 
ambulance. This  equipment was est imated t o  have a r r i v e d  on- 
scene within 1-to-1-1/2 minutes. 

access road nea r  t h e  a i r c r a f t  cockp i t  and t h e  f i re  was 
The two f i r e  engines were i n i t i a l l y  dr iven up t h e  

attacked from t h a t  p o s i t i o n  with t h e  t u r r e t  nozzle of  Engine 
11. The firemen were forced t o  retreat, however, because of 

. the i n t e n s i t y  of t he  f i re .  Other equipment. inc luding t h e  
Insular Fire Department's ( c i t y  of Charlotte Amalie) 750- 
gallon pumper, deployed hand l i n e s  from t h e  main road. The 
f i r e  was no t  ext inguished u n t i l  t h e  fuse laqe  was v i r t u a l l y  

I 

. - 
consumed. 

pressure bulkhead a t  FS 11 83 was concumed by f i r e .  There 
Vi r tua l ly  t h e  e n t i r e  fuse lage  from t h e  nose t o  t h e  rear 

was no  f i r e  damage a f t  of  FS 1183; a l l  3 engines and t h e  
empennage remained undamaged by fire. The l e f t  wing was 
heavily damaged by t h e  f i r e ,  and t h e  r i g h t  wing was consumed 

r igh t  wing from WS 414 t o  the r o o t  was unburned, and t h e  
from Wing S t a t i o n  (WS) 4 1 4  t o  t h e  t ip .  The por t ion  of t h e  
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r i g h t  main gear  well  sus ta ined  l i t t l e  f i r e  damage. The l e f t  
main gear  well  was destroyed by f i r e .  

1.14 Survival  Aspects 

aboard, a l l  seven crewmembers and 46 of t h e  48 passengers 
Th i s  was a survivable  accident.  Of t h e  55 persons 

survived. The cause of t h e  two f a t a l i t i e s  was a t t r i b u t e d  t o  
burns. One f a t a l i t y  repor ted ly  was t rapped by debr i s  
between two s e a t s  i n  Row 22. The body of t h e  o ther  f a t a l i t y  
was recovered, f r e e  from i t s  s e a t ,  on the ground i n  t h e  area  
of t h e  a f t  break i n  t h e  fuselage.  

'. apportioned i n t o  t h r e e  separa te  s e a t i n g  areas .  The forward 
N8790R had a t o t a l  passenger s e a t i n g  capac i ty  of 134, 

' t h r i f t  a r ea  had 21 sea t s ,  t h e  in termedia te  f i r s t - c l a s s  area  
contained 12 s e a t s  and t h e  a f t  t h r i f t  a r ea  contained 101 
seats .  See Attachment 2, Passenger Seat ing and Escape 
Diagram. f o r  d e t a i l s ,  

Sara H i l l ,  t h e  a i r c r a f t  fuse lage  broke i n t o  t h r e e  major 
I n  t h e  process of coming t o  a s t o p  aga in s t  t h e  s lope  of 

s ec t i ons ;  forward, c en t e r  and a f t .  The f i r s t  break 
( i d e n t i f i e d  a s  A i n  Attachment 2) occurred a t  FS 700. The 
second break ( i d e n t i f i e d  a s  B i n  Attachment 2) , occurred 
around FS 940. 

a. Forward Sect ion 

t h r i f t  a rea ,  and in termedia te  f i r s t - c l a s s  area. 
The forward s ec t i on  contained t h e  cockpi t ,  forward 

section was occupied by t h e  f l i g h t  deck crew, seven 
This 

passengers and two f l i g h t  a t t endan ts .  I t  contained t h e  l e f t  
main e n t r y  door and t h e  forward ga l l ey  door. The l a t t e r  was 

equipped with i n f l a t a b l e  evacuat ion s l i d e s .  The g a l l e y  door 
l oca t ed  on t h e  r i g h t  s i d e  of t h e  fuselage. Both doors were 

was opened by t h e  two f l i g h t  a t t endan ts  with t h e  a s s i s t a n c e  
of s e v e r a l  of t h e  passengers and t h e  evacuat ion s l ide was 
i n f l a t e d  without d i f f i c u l t y .  However, t h e  s l i d e  f a i l e d  t o  
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reach t o  t h e  ground because the  forward sec t ion  of the 
a i r c r a f t  was r e s t i n g  on a 17- foot high embankment. Con- 
sequently, the lower end of t h e  slide was about 6 feet above 
ground l e v e l  and a t  least one of t h e  evacuees from t h a t  
section sus ta ined  se r ious  i n j u r i e s  as  a r e s u l t  of t h e  6- foot 
drop from the bottom of t h e  slide. A l l  12 occupants of t h i s  
section succes s fu l ly  escaped through t h e  g a l l e y  door e x i t .  

b. Center Sect ion 

portion of t h e  fuse lage  from FS.700 t o  FS 940;  it contained 
The cen te r  s e c t i o n  of the  aircraft cons i s t ed  of t h a t  

overwing emergency e x i t s  were located i n  t h a t  s ec t ion ;  
60 s e a t s  and was occupied by 19 passengers. The four  

however, none of these were used, as a l l  19 passengers 

Many reported that  they had t o  crawl across broken seats and 
escaped through the a f t  break i n  the fuse lage  a t  FS 940. 

other debris t o  reach the a f t  break. A drop of 10 t o  15 
fee t  was required t o  reach level ground through t h e  a f t  
break. Many of the evacuees used condui ts  and cables ex- 
posed by t he  rup ture  t o  assist i n  t h e i r  descent  t o  t he  
ground. 

I 

C. Af t  Sect ion I 

a i r c r a f t .  It contained 4 1  seats and was occupied by 22 
The a f t  s e c t i o n  extended from FS 940  t o  t h e  end of t h e  

passengers and two f l i g h t  a t t endants .  The a f t  main cabin 
entry and the a f t  g a l l e y  service doors were located i n  t h a t  
sect ion,  on t h e  r i g h t  and .  l e f t  sides of the fuselage,  
respectively. Also, the rear v e n t r a l  s t a i r  was located on 
the  a f t  sect ion.  One of t he  f l i g h t  a t t e n d a n t s  experienced 
d i f f i c u l t y  i n  opening the  a f t  main cab in  e n t r y  door. 
However, wi th  t h e  a i d  of s e v e r a l  passengers, she opened the 
door and i n f l a t e d  the  evacuation slide. The other f l i g h t  
at tendant  attempt+ to  reach her emergency s t a t i o n  a t  the 
over-wing e x i t s !  bu t  was unsuccessful  due t o  many 
obst ruct ions  and to  passengers a t tempt ing t o  move f o r e  and 

FS 940 where she d i r e c t e d  the  escape e f f o r t s  of a f t  s e c t i o n  
a f t  t o  other e x i t s .  She managed t o  get  t o  the  a f t  break a t  

evacuees. She recalled considerable  smoke and heat i n  t h a t  
area a s  the last  passengers made t h e i r  e x i t .  Twelve 

I 
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evacuees of t h e  a f t  s ec t ion  escaped through t h e  fuselage 

two passenger f a t a l i t i e s  were loca ted  i n  t h e  a f t  sec t ion .  
break, and 10 used t h e  s l i d e  ou t  of t h e  a f t  main door. The 

d. F l i g h t  Deck 

The cap ta in  could r e c a l l  none of t h e  events  t h a t  
occurred from t h e  time immediately subsequent t o  t h e  f i r s t  
touchdown u n t i l  a r r i v a l  a t  t h e  a i r p o r t  terminal  bui lding 
q u i t e  some time l a t e r .  He advanced t h e  p o s s i b i l i t y  t h a t  h i s  
seat locking mechanism may have malfunctioned on i n i t i a l  
touchdown, al lowing t h e  s e a t  t o  move i n  such a manner t h a t  
i n j u r y  was caused t o  h i s  head from a blow a g a i n s t  cockpi t  
s t ruc tu res .  

'. 
4 

Although t h e  cap ta in ' s  s e a t b e l t  and shoulder harness  
were secured,  he sus ta ined  mul t ip le  b ru i se s  on h i s  head and 
t h e r e  were smal l  hematomas on the  t o p  midline of h i s  head, 
behind t h e  l e f t  e a r ,  and on t h e  p o s t e r i o r  midline. 

when he r e a l i z e d  t h a t  t h e  c ra sh  was inevi tab le .  H i s  
The f i r s t  o f f i c e r  p ro tec ted  h i s  head with h i s  arms 

s e a t b e l t  and shoulder  harness  were fastened.  H e  r e c a l l e d  
t h a t  t h e  a i r c r a f t  impacted the  h i l l  with a severe  j o l t ,  but  
r e c a l l e d  no v i o l e n t  body movements. When t h e  a i r c r a f t  

opened h i s  cockpi t  s l i d i n g  window, and attempted t o  move t h e  
stopped he unfastened h i s  s e a t b e l t  and shoulder harness,  

start l e v e r s  t o  t h e  anoffa' posi t ion.  H e  shook the  capta in ,  
who appeared unconscious, and unfastened h i s  s e a t b e l t  and 
shoulder harness. H e  then went a f t  t o  the forward cabin 
sec t ion  and noted t h a t  a l l  t h e  occupants had departed. He 

t h e  captain .  
re turned t o  the cockpit and a s s i s t e d  i n  t h e  evacuation of 

The f l i g h t  engineer,  a f t e r  he posi t ioned the  wing f l a p  
l e v e r  t o  t h e  250  pos i t ion ,  subsequent t o  t h e  f i n a l  
touchdown, moved h i s  s e a t  sideways aga ins t  h i s  work t a b l e ,  

t i g h t l y  wi th  h i s  arms. He placed his head i n t o  the corner 
faced t h e  eng inee r ' s  panel ,  and grasped the  t a b l e  top  

formed by t h e  back of t h e  f i r s t  o f f i c e r ' s  s e a t  and the  
f l i g h t  engineer ' s  panel. On f i n a l  impact, h i s  arms were 
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d i g i t  of t h e  f o u r t h  f i n g e r  on h i s  l e f t  hand was amputated i n  
forced from the table and f lung  backwards, and t h e  first 

t h e  process. H i s  shoulder  harness  was n o t  fastened. When 
the a i r c r a f t  came t o  rest, he unfastened h i s  s e a t b e l t  and 
moved a f t  to the forward passenger area. H i s  a t tempt  t o  

the f l i g h t  a t t e n d a n t s  t o  l e a v e  and surveyed t h e  forward 
open t h e  l e f t  main cabin e n t r y  door proved f u t i l e .  He t o l d  

section f o r  remaining passengers. H e  had intended to  

was blocked by a p a r t i t i o n  which separa ted  t h e  first class 
proceed t o  t h e  rear of t h e  passenger sec t ion ,  but  t h e  a is le  

and economy class sec t ion .  H e  r e tu rned  t o  t h e  cockp i t  and 
ass is ted  t h e  first o f f i c e r  i n  removing t h e  captain.  

evacuation s l i d e  from t h e  forward g a l l e y  door. 
A l l  t h r e e  f l i g h t  crewmembers escaped down t h e  

a i r c ra f t .  However, t h e  frame of only one seat u n i t  was 
There were e i g h t  known passenger seat fa i lures  i n  t h e  

found, t h e  o t h e r s  having been consumed by t h e  fire. The 
seat frame, which was t h a t  of  a right-hand t r i p l e  unit, was 

were f rac tu red ,  and t h e  e n t i r e  seat showed a la tera l  
found near t h e  break a t  FS 940. A l l  of the legs of t h e  seat 

deformation t o  t h e  left .  

The passenger seats were designed for  t h e  u l t ima te  
i n e r t i a  fo rces  s p e c i f i e d  i n  FAR 25.561, which were: 2.0g 
upward: 9-09 forward; 1.5g sideward; and 4.5g downward. 

consumed by f i r e .  The f l i g h t  crewmembers repor ted  no seat 
The cockp i t  area, inc luding the  crew seats, was t o t a l l y  

fa i lures ,  wi th  t h e  exception of t h e  c a p t a i n ' s  suggest ion of 
a f a i l u r e  of t h e  locking mechanism on h i s  seat. 

1.15 Tests and Research 

the r i g h t  main landing gear, might have been a causal f a c t o r  
A material f a i l u r e ,  e i t h e r  of t h e  captain 's  seat or of 

i n  the  accident.  The latter area was suspect  because of t h e  
landing gear p a r t s  on the runway - the former area, because 
the  capta in  i n d i c a t e d  t h a t  h i s  f a i l u r e  t o  remember any of ~ 
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t h e  landing  sequence a f t e r  t h e  i n i t % a l  touchdown might be handles  a t  1 
t h e  r e s u l t  of a s e a t  malfunction which caused h i s  head t o  p m d  indil  
strike some por t ion  of t h e  cockpi t  i n t e r i o r .  seat moved ' 

c o n t r o l l e d  : 

model 808737 series s e a t s  manufactured i n  accordance with 
The p i l o t / c o p i l o t  s e a t s  i n s t a l l e d  i n  t h i s  a i r c r a f t  were 

t h e  Boeing Company Spec i f i ca t ion  10-61230 by Weber A i r c r a f t ,  

with long i tud ina l  and v e r t i c a l  l i n e a r  adjustments, and with 
Burbank, Ca l i fo rn ia .  The s e a t s  were of conventional  design, 

angular  adjustments of t h e  seat back (recline) and s e a t  pan. 
The s e a t  had a t o t a l  ho r i zon ta l  t r a v e l  of 8 inches and a 
v e r t i c a l  t r a v e l  of 6 inches. The movement was con t ro l l ed  by 
hydraul ic  ac tua t ing  c y l i n d e r s  t h a t  a l s o  locked t h e  s e a t  i n  
any given loca t ion .  Pos i t ion ing  of t h e  s e a t  is aided by 
spr inqs ,  and t h e  s e a t  i s  spring- loaded t o  the f u l l  up and 
f u l l  forward posi t ion.  The s e a t  was designed f o r  t h e  
following c rash  loads: 169 forward; lg a f t ;  log v e r t i c a l l y  

4 downward: 79 v e r t i c a l l y  upward; and 169 l e f t  and r i g h t  
(ac t ing  200 from t h e  forward d i r e c t i o n ) .  
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Two Product Service B u l l e t i n s  had been i ssued  on t h e  
s e a t  by Weber Ai rc ra f t .  Both d e a l t  wi th  reduct ion of 

t h e  second b u l l e t i n ,  161R2 dated June 11, 1 9 7 0 ,  c a l l e d  f o r  
movement i n  the  s e a t  and t h e  reduct ion of s e a t  maintenance; 

replacement of the hydraul ic  v e r t i c a l ,  hor izonta l ,  and 
r e c l i n e  locks  wi th  mechanical locks. Neither b u l l e t i n  was 
considered urgent,  and nei ther  had been accomplished on t h i s  
a i r c r a f t .  

An i n v e s t i g a t i o n  was conducted i n t o  t h e  s e a t  adjustment 
mechanism, wi th  emphasis on i n j u r y  p o t e n t i a l  due t o  a 

comparable t o  t h e  cap ta in  s i t t i n g  i n  a test s e a t ,  with 
f a i l u r e  of t h i s  mechanism. With an ind iv idua l  of a s i z e  

s e a t b e l t  and shoulder  harness fas tened,  and posi t ioned with 
r e spec t  t o  the  s e a t  alignment i n d i c a t o r s ,  a l a t e r a l  
c learance  of about 6 inches and a long i tud ina l  c learance  of 
about 2 inches e x i s t e d  between h i s  l e f t  e a r  and t h e  b o l t s  
protruding from t h e  top, a f t  end of t h e  l e f t  s l i d i n g  cockpi t  
window. Normal movement d i d  n o t  permit the head t o  make 
con tac t  wi th  t h e  protruding b o l t s  - d i r e c t  l a t e r a l  movement 
of t h e  e n t i r e  upper t o r s o  was required t o  al low contact .  
Simultaneous f a i l u r e  of t h e  ho r i zon ta l  and v e r t i c a l  locking 
mechanisms was simulated by l i f t i n g  both locking c o n t r o l  
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handles a t  t h e  same time. With t h e  seat occupied by a 195- 
pound indiv idual  (10 pounds heavier  t h a n  t h e  cap ta in )  t h e  
seat moved to  t h e  f u l l  a f t  and f u l l  down p o s i t i o n  a t  a 
controlled rate and agains t  s p r i n g  res i s t ance .  Head c o n t a c t  
with t h e  area of protruding bolts was n o t  p o s s i b l e  from t h e  
s t a t i c a l l y  f a i l e d  pos i t ion ,  a l though l a te ra l  movement of the 
upper torso allowed head c o n t a c t  wi th  t h e  windows and o t h e r  
structures. 

I n  addi t ion  t o  t h e  above-mentioned test,  a survey of 
some of t h e  major a i r  carriers us ing  t h i s  equipment was 
conducted. This  survey revea led  t h a t  t h e r e  had been 
problems with leaking cy l inders ,  b u t  t h a t  sudden fa i lures  of 
the locking mechanism had no t  occurred. Complaints received 
from p i l o t s  concerned adjustment and p lay  i n  t h e  seat 
because of wear. Weber Aircraft had no record of 

was of t h e  opinion t h a t  a lock  of t h i s  n a t u r e  would not  f a i l  
catastrophic f a i l u r e s  of t h e  hydrau l i c  lock, and t h e  company 

catastrophical ly.  

had been entered  i n  t h e  f l i g h t  log  of N8790R on A p r i l  4 and 
It was noted that disc repanc ies  on t h e  p i l o t ' s  seat 

April 22, 1970. The f i r s t  r e l a t e d  t o  t h e  r e c l i n e  mechanism. 
The second was a repeat of t h e  first, p lus  a problem of 
excessive v e r t i c a l  p lay  af ter  es tabl i shment  of a vertical 
position. Both d i sc repanc ies  had been c leared .  

the  Boeing Company. This  s tudy cons i s t ed  of two parts: a 
A s tudy of t h e  landing gear f a i lu res  was conducted by 

f rac ture  a n a l y s i s  of t h e  body-to-MLG beam a t t a c h  l i n k  and 
associated parts, and a s tudy of t h e  f a i l u r e  sequence of t h e  
r ight  main landing gear  a t t a c h  s t r u c t u r e .  

analysis, t o  have a chemical c o n t e n t  which met t h e  
The body-to-MLG l i n k  was found, by spectrochemical 

which it was made. The Rockwell hardness and electrical 
specif icat ions (QQ-A-367) of t h e  7075 aluminum material from 

conductivity were a l l  normal for  7075 aluminum i n  t h e  T73 

hardness of 46.5Rc, which corresponds t o  an  u l t ima te  t e n s i l e  
condition. The landing gear  beam-to-link p in  had a Rockwell 

heat t r e a t e d  t o  t h e  220-240ksi s t r e n g t h  range. The report 
strength of 225ksi. S /  This  va lue  is normal for 4330M steel 
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concluded t h a t  a l l  f r a c t u r e s  of t h e  l i n k  were t h e  r e s u l t  of 
r ap id  t e n s i l e  separat ion.  

I n  t h e  r e p o r t  losequence of S t r u c t u r a l  Failurel ' ,  Boeing 
suggested t h a t  t h e  most l i k e l y  sequence of f a i l u r e  involved 
an i n i t i a l  overload f a i l u r e  of t h e  FS 940 f l o o r  bean 
compression chord. This overload was a r e s u l t  of excessive 
loads  appl ied  t o  t h e  FS 940 frame through t h e  body-to-MLG 
beam l ink .  The r e p o r t  noted t h a t  v e r t i c a l ,  drag and s ide  
loads  on t h e  gea r  t oge the r  can produce compression loads  i n  
t h e  l ink .  Following f a i l u r e  of t h e  f l o o r  beam chord, the  
remainder of t h e  f l o o r  beam f a i l e d  completely, and allowed 
the FS 940 frame t o  r o t a t e  inward. This  inward r o t a t i o n  
f i r s t  f a i l e d  t h e  frame t o  fuse lage  sk in  f a s t ene r s ,  and then 
f a i l e d  body s t r i n g e r s  i n  the area.  A s h o r t  s e c t i o n  of 
s t r i n g e r  S-15, which i s  loca ted  within  t h e  pressur ized area  
of t h e  fuse lage ,  was found on t h e  runway. Subsequent inward 
motion of t h e  frame caused t h e  body-to-MLG beam l i n k  t o  
r o t a t e  u n t i l  a p a r t  of it contacted the upper f lange  of t h e  
MLG beam. Fur ther  movement then r e s u l t e d  i n  t h e  formation 
of high bending moments, and i n  t h e  progress ive f a i l u r e  of 
t h e  var ious  l i n k  a t t a c h  arms. 

t h e  r e p o r t  noted t h a t  t h e  above sequer:e s a t i s f i e d  a l l  t he  
Although o the r  f a i l u r e  sequences were deemed possible ,  

known f a i l u r e  information and t h a t  it is t h e r e f o r e  a l i k e l y  
sequence of  f a i l u r e .  

1- 16  Addit ional  Information 

a. F l i s h t  Operations Procedures 

The f l i g h t  opera t ions  department of Trans Caribbean 
Airways uses  t h e  Boeing Company B-727 p i l o t  and f l i g h t  
engineer 
es tabl ishment  of ope ra t iona l  procedures. 

opera t ing  manuals f o r  t r a i n i n g  and f o r  

p e r t i n e n t  por t ions  of t h e  Training Manual a r e  set f o r t h  i n  
Excerpts of 

Appendix D t o  t h i s  report .  
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hard o r  bounced landings are  genera l ly  made from high 
The t r a i n i n g  manual, it was noted, p o i n t s  o u t  t h a t  

approaches a t  higher  t h a n  normal rates of descent  with 
excessive and/or la te  r o t a t i o n .  Th i s  manual a lso no tes  t h a t  
proper recovery a c t i o n  involves  holding or re- es tab l i sh ing  a 

Attempts t o  push over or t o  i n c r e a s e  p i t c h  a t t i t u d e  may on ly  
normal landing a t t i t u d e  and adding t h r u s t  as necessary. 

cause another  bounce. The manual f u r t h e r  no tes  t h a t  i f  a 
high bounce occurs,  t h r u s t  must be increased,  e i t h e r  t o  
control t h e  r a t e  of descent  for t h e  second touchdown, or t o  
perform a go-around i f  excess ive  runway has  been used. 

b. Confisurat ion Warnins mom 

discusses t h e  var ious  aural  conf igura t ion  warnings b u i l t  
The opera t ions  manual c o n t a i n s  a s e c t i o n  which 

in to  t h i s  model aircraft .  These sounds were recorded by t h e  
CVR during t h e  landing sequence. An i n t e r m i t t e n t  warning is 
used t o  s i g n a l  e i t h e r  an  unsafe takeoff  conf igura t ion  while 
the a i r c r a f t  is  on t h e  ground, or an unsafe i n f l i g h t  
condition. I n f l i g h t ,  t h e  i n t e r m i t t e n t  warning horn w i l l  

when t h e  f l a p s  are no t  f u l l y  retracted. The horn s i g n a l  i s  
sound i f  t he  speed brake l e v e r  is  moved from t h e  00 d e t e n t  

continuous i f  t h e  aircraft  is i n  a n  unsafe landing 
configuration while it is i n  f l i g h t .  The continuous horn 

not down and locked, or any time any gear is no t  down and 
sounds any time a t h r u s t  l e v e r  i s  re ta rded  when t h e  gear8 are 

locked when t h e  f l a p  lever i s  extended beyond t h e  2 5 0  
detent, r ega rd less  of the t h r u s t  l e v e r  pos i t ion .  

2. ANALYSIS AND C O N C L U S I O E  

/ 
2.1 . Analysis 

I n  order  t o  determine t h e  cause ( s )  of any acc ident ,  one 
must follow the premise t h a t  a l l  acc iden t s  are caused by a 
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breakdown i n  one o r  more of the elements of t h e  man-machine- 
environment concept. 

I n  i ts a n a l y s i s  of t h e  f a c t s  and circumstances of t h i s  
accident ,  t h e  Board assessed  t h e  evidence bear ing on the  
man-machine-environmental r e l a t ionsh ips .  This approach led,  

t h e  most probable causa l  a r e a s  of t h i s  accident.  
i n  t u r n ,  t o  t h e  formulation of var ious  hypotheses concerning 

hard f i r s t  touchdown occurred which was caused e i t h e r  by 
The f i r s t  hypothesis  considered t h a t  a d e s t r u c t i v e l y  

improper crew techniques  o r  by e x t e r n a l  f a c t o r s  such a s  wind 
shear  or turbulence. 

which occurred sometime i n  t h e  sequence of events  was a 
Another hypothesis  considered t h a t  a mechanical f a i l u r e  

d i r e c t  cause of t h e  accident.  

A f i n a l  hypothesis  i s  concerned with  a breakdown i n  t h e  
i n t e r a c t i o n  of t h e  f l i g h t c r e w  with t h e i r  a i r c r a f t  subsequent 
t o  t h e  i n i t i a l  touchdown. 

In  t h e  process of t e s t i n g  these  hypotheses with 
observat ions  made during t h e  course  of t h e  inves t iga t ion ,  
t h e  impl ica t ion  of t h e  f i n a l  hypothesis  - t h e  man/machine 

t h e  a c t i o n s  of t h e  crew subsequent t o  t h e  touchdown and t h e  
i n t e r f a c e  - became obvious. The f a c t o r s  which inf luenced 

underlying f a c t o r s  prompted these  events  emerged a s  those of 
primary i n t e r e s t  i n  determining t h e  causa l  a rea  of t h i s  
accident.  

Before t h e  t h i r d  hypothesis  is considered,  t h e  
f ind ings  which disproved t h e  f i r s t  two hypotheses concerning 
poss ib l e  causa l  areas w i l l  be discussed. 

.'.$ 

touchdown a s  t h e  d i r e c t  cause of t h e  acc ident ,  t h e  na tu re  of 
Since t h e  f i r s t  causa l  a r ea  presumes a hard i n i t i a l  

t h i s  l anding  must be reviewed. This f i r s t  touchdown took 
place, according to-wi tnesses ,  q u i t e  c l o s e  to  t h e  end of t h e  
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runuay - approximately 300 feet beyond the threshold 

t i r e  marks on the runway are accepted as  those of t h i s  
according t o  a c o n t r o l l e r  i n  t h e  tower, o r  365 feet, i f  the 

a i r c ra f t .  This  would place touchdown 435 t o  500  feet p r i o r  
to the VAS1 aiming point.  

surviving passengers  as Ward1g, b u t  n o t  so hard as those 
The i n t e n s i t y  of t he  touchdown was genera l ly  rated by 

following it. One wi tness  described it as firm, b u t  n o t  of 
an extreme nature. This witness  was s u r p r i s e d  a t  t h e  he igh t  
of the  ascent  t h a t  followed. I n  h i s  s tatement ,  the c a p t a i n  
described t h e  landing as "very hard" and "very firm" - t h e  
f l igh t  engineer, as I1. . . hard, d e f i n i t e l y  hard, b u t  wi th in  

recorder confirms these statements:  the incremental  
safety bounds.t1 The a c c e l e r a t i o n  trace of the f l i g h t  d a t a  

were both approximately three times t h a t  recorded a t  t he  
accelerat ions recorded a t  the second and t h i r d  touchdowns 

f i r s t  touchdown. 

the i n i t i a l  landing was catastrophic; t h e  first evidence of 
The phys ica l  evidence does n o t  support  the theory  t h a t  

s t ruc tura l  f a i l u r e  was located approximately 500 feet down 
the runway from the p o i n t  of second touchdown. 

Final ly,  t h i s  theory  is re fu ted  by t h e  l a c k  of 
immediate concern shown by the  crew. Only a few not- 

the cockpit. It was n o t  u n t i l  s l i g h t l y  before the second 
uncommon remarks concerning the hard touchdown were made i n  

touchdown when t h e  voice  record began t o  show a sense  of 

made by the  crew. 
impending emergency i n  t h e  tone  of voice and t h e  comments 

tha t  t he  i n i t i a l  touchdown was n o t  of a d e s t r u c t i v e l y  hard 
Based upon t h e  preceding evidence, t h e  Board concludes 

nature. 

malfunction of the a i rcraf t  caused t h i s  accident.  
The next  p o s s i b i l i t y  explored was t h a t  some 

Malfunctions which might possibly have been involved inc lude  
loss of t h r u s t ,  c o n t r o l  system malfunction, landing gear  
malfunction, and p i l o t  seat f a i l u r e .  The first two 
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malfunctions may be dismissed summarily s ince  t h e  crew did 1 
not  r e p o r t  any problems i n  t h e s e  a reas  and s ince  no evidence 
of such malfunctions was observed i n  t h e  Board's examination 
of t h e  wreckage o r  of t h e  f l i g h t  recorder  data.  

landing gear (RMLG) Caused this accident  p r e c i p i t a t e d  an 
The p o s s i b i l i t y  t h a t  a malfunction of the r i g h t  main 

ex tens ive  s tudy of t h a t  system. This s tudy produced no 
evidence t h a t  any preimpact malfunction e x i s t e d  i n  t h e  
landing gear o r  i ts  a t t a c h  s t r u c t u r e ;  r a t h e r ,  it 
demonstrated t h a t  t h e  parts examined were sound, and t h a t  
a l l  f r a c t u r e s  were caused by overloads appl ied  t o  t h e  RMLG. 

The probable f a i l u r e  sequence advanced by t h e  Boeing 
Company seems reasonable t o  t h e  Board. The second 
touchdown, which was descr ibed a s  the ha rdes t  of t h e  th ree ,  
overs t ressed  t h e  gear  a t t a c h  s t r u c t u r e  and t h e  f a i l u r e  was 
i n i t i a t e d  a t  t h a t  time. Passengers, it should be noted, 
descr ibed gr inding sounds, and some thought t h a t  something 
on t h e  R m G  broke a t  t h a t  time. The a i r c r a f t  then 
apparent ly  became a i rborne ,  a f t e r  the  FS 940  frame began t o  

was complete. The pieces  of f a s t e n e r s  repor ted ly  found 
sepa ra t e  from t h e  fuse lage  skin,  but  before  the  separa t ion  

about 2,000 f e e t  down t h e  runway a r e  cons i s t en t  with t h i s  
theory. The t h i r d  touchdown then completed the  f a i l u r e  of 
t h e  gear  a t t a c h  s t ruc tu re .  This f i n a l  d i s rup t ion  of its 
a t t a c h  s t r u c t u r e  then allowed t h e  landing  gear t o  be 
d i sp laced  upward u n t i l  t h e  r i g h t  wing t i p  and t h e  t r a i l i n g  
edge of t h e  ou te r  wing f l a p s  began t o  drag on t h e  runway. 

machine elements w e r e  not  l i k e l y  causa l  f a c t o r s  of t h i s  
Having t h u s  determined t h a t  t h e  environmental and 

accident ,  w e  now t u r n  t o  t h e  man and man/machine a spec t s  of 
t h e  operation.  

A study of t h e  probable sequence of events which 
occurred during t h e  approach and landing,and t h e  f a c t o r s  
which inf luenced those  events,  w i l l  show more c l e a r l y  t h e  
involvement of the  crew i n  t h e  causa l  a r e a s  of the accident.  
I n  t h i s  respec t ,  c e r t a i n  a spec t s  of the approach of F l i g h t  
505 seem noteworthy. 
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instructor  r e l a t i o n s h i p  which developed i n  t h e  cockp i t  
One such a s p e c t  i s  t h e  somewhat reversed s t u d e n t  - 

during t h e  approach. This  r e l a t i o n s h i p  was ev iden t  i n  t h e  
decision of t h e  c a p t a i n  t o  experience the response of t h e  
a i r c ra f t  a t  slower speeds while on f i n a l  approach. The 
factors inf luencing t h i s  dec i s ion  w i l l  be d iscussed  later i n  
this report .  

1 profile flown. Although the heading was flown r a t h e r  
Another noteworthy a s p e c t  of t h e  approach was t h e  

precisely, t h e  i n d i c a t e d  a i r speed  was never r e a l l y  
r tabi l ized.  The a i r speed  underwent a short- cycle 
aar iat ion of 5 knots  above and 3 below re fe rence  speed 

! during t h e  l a t t e r  por t ion  of t h e  approach. Throughout t h e  

approximately 600 fpm. This  increased  t o  a r e l a t i v e l y  
first ha l f  of t h e  3-minute f i n a l  approach, t h e  s i n k  rate  was 

seconds. That ra te  of descent ,  i n  conjunct ion with t h e  
steady r a t e  of descent  of 680 fpm dur ing  t h e  f i n a l  50 

averaqe airspeed dur ing  t h a t  period, corresponded t o  a n  
average descent  ang le  of 3. lo. The f i r s t  o f f i c e r  noted t h a t  
the sink rate was 7 0 0  fpm j u s t  4.4 seconds before touchdown, 
and t h e  f l i g h t  data recorder  readout  shows a c o n s t a n t  rate 
descent down t o  i t s  llzeroll a l t i t u d e .  

I 

landing a i d  a s i g n i f i c a n t  f a c t o r  of t h i s  accident .  I t  
The Board does n o t  cons ide r  t h e  error i n  t h e  VASI 

should no t  have caused t h e  crew t o  f l y  a n  approach angle  

as has been noted, t h e  a i r c r a f t  a c t u a l l y  f lew a descent  
steeper than t h e  misaligned VAS1 s e t t i n g  of 2.750. However, 

angle during t h e  l a s t  port ion of t h e  approach which was 
s igni f icant ly  g r e a t e r  t h a n  t h a t  pro jec ted  by the VASI  
system. 

noteworthy. The Board d i d  n o t  a r r i v e  a t  any p o s i t i v e  
The i n i t i a l  touchdown must c e r t a i n l y  be considered 

determination of the cause of t h i s .  Among the var ious  

with wind shear  or turbulence,  f a i l u r e  of the p i l o t  t o  flare 
causes considered possible were: a l a t e  flare,  an encounter 

a t  a l l ,  and performance of a "duck-under" maneuver by t h e  
pilot. 

: to a r r e s t  the rate of descent  before touchdown seems 
The p o s s i b i l i t y  t h a t  the aircraft w a s  f l a r e d  too late 
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plaus ib le ,  e s p e c i a l l y  i n  view of t h e  s t e e p  approach angle 
flown i n  t h i s  ins tance.  Such a maneuver could a l s o  explain 
t h e  high angle  of a t t a c k  t h e  a i r c r a f t  assumed upon becoming 
a i rbo rne  again. 

The comments of t h e  crew i n d i c a t e  t h a t  a wind shear 
might have caused the s h o r t  touchdown, o r  t h a t  t h e  a i r c r a f t  
encountered a downdraft j u s t  a f t e r  it crossed t h e  threshold.  

phenomenon was found. The su r face  winds reported by the  
However, no evidence t h a t  t h e  f l i g h t  encountered e i t h e r  

tower never exceeded 10  knots. Although t h e  f i r s t  o f f i c e r  
r e f e r r e d  t o  gusty winds during t h e  approach segment of the  

n o t  e x i s t  a t  t h e  runway threshold ;  indeed, he  d i d  amend h i s  
f l i g h t ,  t h e  Board must conclude t h a t  these condi t ions  did  

comment "windy gustyIt with t h e  comment ltAw I mean windy out  
over t h e  ocean the re .  I . . II 

b 

I n  add i t ion  t o  t h e  p o s s i b i l i t y  t h a t  it WE caused by a 
downdraft o r  gus t ,  t h e  s h o r t  touchdown could be 3xplained by 

touchdown. I f  t h e  a i r c r a f t  were flown i n  suc" .I manner t h a t  
a f a i l u r e  of t h e  p i l o t  t o  f l a r e  t h e  a i r r  :aft before 

t h e  p i l o t ' s  eyes  were held r i g h t  on t h e  VAS1 . Lide s lope  a l l  
t h e  way t o  touchdown, t h e  main landing gear  would touchdown 
q u i t e  near t h e  po in t  (300 t o  365 f e e t  beyond tile threshold)  
where F l i g h t  505 d.id touchdown. For example, ca l cu la t ions  
i n d i c a t e  t h a t  t h e  main landing gear  would con tac t  t h e  runway 
approximately 400 f e e t  s h o r t  of t h e  aiming point ,  or 400 
f e e t  down this runway i f  t h e  following r ep resen ta t ive  
condi t ions  were assumed: d i s t ance  from p i l o t  a f t  t o  main 
landing  gear  of 7 0  f e e t ;  he ight  of p i l o t ' s  eyes  above main 
landing gear  tires of 14.8 f e e t ;  a i r c r a f t  flown a t  2-50 deck 
angle;  and a t  a descent  angle  of 3.1O. 

would be t h a t  t h e  p i l o t  performed a Itduck-under" maneuver. 
Another poss ib l e  explanat ion f o r  t h e  s h o r t  landing 

This is a maneuver i n  which a p i l o t  consciously pos i t i ons  
h i s  a i r c r a f t  below t h e  g l i d e  s lope  a t  a c e r t a i n  d i s t ance  
from t h e  runway threshold  i n  order  t o  permit  an e a r l i e r  

runway on which t o  s t o p  t h e  a i r c r a f t .  This  maneuver, 
f l a r e  t o  a landing,  thereby giving himself more a v a i l a b l e  

however, is inhe ren t ly  dangerous i f  not  f u l l y  understood. 
The descent  below t h e  o r i g i n a l  g l i d e  s lope  nay r equ i re  an 
apprec iab le  inc rease  i n  t h r u s t  t o  maintain t h e  a i r c r a f t  on a 
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.I#W and more shallow g l i d e  s lope  t o  t h e  d e s i r e d  touchdown 
int. I f  t h r u s t  is  not  increased ,  t h e  a i r c r a f t  w i l l  touch- 

ib)wn shor t  of t h e  d e s i r e d  touchdown point.  

could not  be determined, t h i s  landing d i d  n o t  cause  
':. Although the exac t  cause of t h e  i n i t i a l  hard touchdown 

catastrophic f a i l u r e  of the  a i r c r a f t ,  and it d i d  no t  r e s u l t  
in  a subsequent uncon t ro l l ab le  maneuver. It i s  t h e  opin ion 
of t he  Board t h a t ,  r e g a r d l e s s  of t h e  phys ica l  or mental 

h i l ly  t e r r a i n ,  t h e  p i l o t  should have been able t o  recover 
l imitat ions imposed by t h e  s h o r t  runway and the  surrounding 

from t h e  bounce which followed t h e  i n i t i a l  touchdown- 

concludes t h a t  the high bounce was more t h e  r e s u l t  of p i l o t  
Based upon i t s  examination of  a l l  evidence, t h e  Board 

input t o  t h e  c o n t r o l s  than  of elast ic rebound of the 
a i r c r a f t  as a r e s u l t  of a very  hard landing. This 
conclusion stems from t h e  fol lowing fac t s :  n e i t h e r  

excessively hard; t h e  a i r c r a f t  a t t a i n e d  a g r e a t  he ight  (50 
crewmembers nor passengers f e l t  t h a t  the i n i t i a l  landing was 

feet)  on t h e  f i r s t  bounce; and t h e  f l i g h t  engineer  s t a t e d  
that  t h e  a i r c r a f t  assumed an  excess ive  p i t c h  a t t i t u d e  a s  it 
began t h e  ascent.  

of act ion according t o  t h e  Boeing Training Manual: (1) he 
Once t h i s  bounce occurred,  t h e  c a p t a i n  had two choices 

could have completed the  landing by performing t h e  high 

go-around t o  make a second approach. H e  attempted t o  
bounce recovery technique;  or  (2 )  he  could have executed a 

salvage t h e  landing. However, poss ib ly  because of 
l imitat ions imposed by t h e  s h o r t  runway and t h e  surrounding 
h i l l s ,  he modified t h e  bounce recovery technique i n  the  

lessen the  rate of descent  d u r i n s  bounce recovery: and 121 
following manner: (1) a d d i t i o n a l  t h r u s t  w a s  n o t  appl ied  t o  

the wing f l i g h t  s p o i l e r s  were-deployed while t h e  a i r c r a f t  
was airborne. 

t o  be debatable. The f l i g h t  engineer  s t a t e d  that  he 
The timing of the s p o i l e r  a c t u a t i o n  appears  a t  first 

observed t h e  c a p t a i n  a c t u a t e  the  s p o i l e r s  s h o r t l y  a f t e r  t h e  
a i r c r a f t  c r e s t e d  t h e  first bounce. However, t h e  i n i t i a t i o n  
of the i n t e r m i t t e n t  horn sound on t h e  cockp i t  voice  record 
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d i d  n o t  occur u n t i l  after the second touchdown. This  horn 
i s  t h e  warning s i g n a l  of an  unsafe f l i g h t  condi t ion  which i s  
bel ieved t o  have occurred because t h e  s p o i l e r  l e v e r  was 
moved from t h e  00 d e t e n t  while  t h e  f l a p s  were extended. 
Since t h e  t iming of t h e  horn and t h e  f l i g h t  engineer 's  
s tatement  seemed con t rad ic to ry  regarding the  t iming of 
s p o i l e r  ac tua t ion ,  t h e  Board i n v e s t i g a t e d  f u r t h e r  t o  resolve  
t h i s  matter.  The cause of t h i s  discrepancy appears t o  be 
t h e  r e s u l t  of a 2-1/2 second de lay  between a c t u a t i o n  of the  
s p o i l e r  l e v e r  and t h e  i n i t i a t i o n  of t h e  warning system. 
This  de lay  was observed by a Board i n v e s t i g a t o r  i n  severa l  
s i m i l a r  model 727 aircraft .  A de lay  of this magnitude would 
then  p l a c e  the  a c t u a t i o n  of t h e  s p o i l e r  lever a t  a time 1 

The phys ica l  d a t a  a l s o  agree  w i t h  t h a t  i n t e r p r e t a t i o n .  The 
second before  t h e  a i r c r a f t  touched down t h e  second time. 

impact of t h e  t a i l  s k i d  a t ,  or immediately a f t e r  t h e  second 
touchdown, i n d i c a t e s  t h a t  t h e  a i r c r a f t  was opera t ing  a t  a 
high angle  of a t t a c k  a t  t h a t  time. Thus, i n  order  t o  set up 
t h e  h igh  descent  rate r e f l e c t e d  by this second touchdown i n  
spite of t h e  r e l a t i v e l y  hiqh a n q l e s  of a t t a c k  a t  which t h e  
a i r c r a f t  must have been- opera t ing ,  it appears t h a t  t h e  
spoilers must have been used. 

s i n c e  the f l i g h t  engineer  s t a t e d  t h a t  the spoilers were 
retracted s h o r t l y  a f t e r  their  ac tua t ion ,  t h e  Board can o f f e r  
no reason f o r  the f a i l u r e  of t h e  i n t e r m i t t e n t  s i g n a l  t o  s t o p  
before t h e  horn switched t o  a continuous s i g n a l  4.5 seconds 
later ,  un less  the s p o i l e r  l e v e r  was n o t  placed back i n  t h e  

an unsafe landing gear conf igura t ion  which i s  bel ieved t o  
00 detent .  However, t h e  continuous s i g n a l  i s  a warning of 

have ac tua ted  i n  t h i s  case because t h e  f i n a l  f a i l u r e  of t h e  
FMLG attach s t r u c t u r e  broke the e l e c t r i c a l  connection t o  t h e  
landing gear  downlock switch. 

reasons t h a t  c o n t r o l  of the a i rcraf t  was lost. 
A ques t ion  n a t u r a l l y  arises concerning t h e  reason or 

locking mechanism f a i l e d  a t  t h e  i n i t i a l  touchdown, and 
One reason considered was t h a t  t h e  cap ta in ' s  seat 

caused him t o  s t r i k e  h i s  head on some por t ion  of t h e  cabin 
i n t e r i o r .  This  blow, it was reasoned, may have rendered t h e  
cap ta in  e i t h e r  unconscious or dazed, and t h i s  would account 
f o r  h i s  subsequent loss of c o n t r o l  of t h e  a i r c r a f t  and h i s  
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chanisms on t h e  p i l o t  seats i n  t h a t  model a i r c r a f t ,  and i n  
is par t i cu la r  aircraft,  i n  A p r i l  1970. 

Although t h e  Board does n o t  d i s p u t e  t h e  cap ta in ' s  
statement t h a t  he s u f f e r e d  loss of memory, w e  cannot 
conclude t h a t  f a i l u r e  of h i s  seat was t h e  cause of t h i s .  
Among t h e  reasons f o r  our b e l i e f  t h a t  f a i l u r e  of t h e  
captain's s e a t  was no t  a f a c t o r  i n  t h i s  acc ident  are t h e  

The r e s u l t s  of the  Board's tests i n d i c a t e  tha t  
l a t e r a l  movement of  t h e  upper torso w a s  requi red  t o  
permit t h e  head t o  make con tac t  wi th  t h e  cabin 
i n t e r i o r ;  however, t h e  cons iderable  la tera l  
forces  which would be requi red  t o  cause t h i s  
bodily movement were n o t  l i k e l y  generated i n  
t h e  i n i t i a l  touchdown. Numerous passengers 
described t h e  va r ious  impacts, and no one 
mentioned other than  v e r t i c a l  forces i n  t h e  
i n i t i a l  touchdown. High la tera l  a c c e l e r a t i o n s  
would have been experienced, however, when t h e  

t ha t  time, t h e  a i r c r a f t  was o r i e n t e d  approxi- 
a i r c r a f t  impacted t h e  s lope  of Sara H i l l .  A t  

mately 900  t o  i t s  d i r e c t i o n  of motion. 

Seat d e f i c i e n c i e s  of t h e  type  experienced by 
Trans Caribbean Airways and other use r s  of t h a t  
model seat were of t h e  annoying, r a t h e r  than  t h e  

of p lay  i n  t h e  seat r a t h e r  than  large scale movement. 
ca tas t roph ic ,  type;  they  involved a l i m i t e d  amount 

The n a t u r e  of t h e  design of t h e  seat locking mechanism 
i s  such that the Board concurs i n  t h e  manufacturer's 
s tatement  tha t  it cannot f a i l  ca tas t roph ica l ly .  
The locking mechanism is a se l f- conta ined u n i t  
which operates w i t h  t h e  displacement of f l u i d  t h r u  

r a p i d  loss of  f l u i d ,  seat displacement would be 
a narrow o r i f i c e  wi th in  t h e  u n i t .  Even with 

gradual. 



Also, h i s  la ter  commands f o r  h i s  crew t o  r a i s e  t h e  
f l a p s  t o  takeoff  pos i t i on  a f t e r  he e l ec t ed  t o  
go-around were luc id .  

by t h e  cap ta in  was caused by t h e  common defense mechanism i n  
The Board be l i eves  t h a t  the r e t rog rade  amnesia suf fe red  

which t h e  system blocks c e r t a i n  t raumat ic  experiences i n  
ordgr t o  a l l e v i a t e  psychic trauma. It  i s  a l s o  poss ib le  t h a t  
t h e  Wows on h i s  head which occurred a t  f i n a l  impact may 
have been t h e  f a c t o r  i n  i n i t i a t i n g  t h i s  amnesia. ! 

The events  which followed t h e  second touchdown r e f l e c t  
t h e  increas ing  confusion which preva i led  i n  t h e  cockpit .  
With three men at tempting t o  c o n t r o l  t h e  a i r c r a f t ,  a l t e r n a t e  

measures cannot be considered causa l  f a c t o r s ,  they d id  
per iods  of a c t i o n  and inac t ion  resu l ted .  While these  

a f f e c t  t h e  s e v e r i t y  of t h e  accident .  

. .  
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Fina l ly ,  remarks made by t h e  cap ta in  subsequent t o  
t h e  first touchdown and recorded on t h e  CVR do n o t  
appear t o  t h e  Board t y p i c a l  of those which would be 
expected from a person who was stunned by a blow t o  
t h e  head. About 3 seconds a f t e r  touchdown, t h e  cap ta in  
made a remark commonly used i n  p i l o t s 1  par lance t o  
express  d i s s a t i s f a c t i o n  with an event o r  s i t u a t i o n .  

The second bounce was a consequence of f a c t o r s  s i m i l a r  
t o  those  which caused t h e  f i r s t  bounce - touchdown a t  a high 
r a t e  of descent with t h e  a i r c r a f t  opera t ing  a t  a high angle  
of a t t ack .  Again, t h r u s t  does not  appear t o  have been used 
t o  a r r e s t  t h e  descent  r a t e ,  and t h e  f i n a l  touchdown was a l s o  
q u i t e  hard. The fo rces  generated a t  t h i s  time completed t h e  
previously  i n i t i a t e d  f a i l u r e  of the  gear a t t a c h  s t ruc tu re .  

re l inquished  c o n t r o l  of t h e  a i r c r a f t  t o  t h e  f i r s t  o f f i c e r ,  
A t  some time during t h e  second bounce, t h e  cap ta in  

who r e p l i e d  "1 have A t  t h a t  time, it i s  c l e a r  from 
the  cockpi t  voice  record t h a t  t h e  crew was aware of a 
developing emergency s i tua t ion .  Shor t ly  a f t e r  the  f i n a l  
touchdown, t h e  cap ta in  resumed c o n t r o l  when he e l e c t e d  t o  
execute a go-around. A t  t h a t  time, t h e r e  was approximately 
1,800 feet of runway remaining, t h e  continuous warning horn 
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-was s igna l ing  an unsafe  gear ind ica t ion ,  and t h e  r i g h t  wing 
. t ip  was dragging. 

can only be considered negative. One voice i s  recorded on 
The crew's r e a c t i o n  t o  t h e  cap ta in ' s  go-around dec is ion  

the CVR saying *INo, don' t  go-aroundfa, and n e i t h e r  crewmember 
appears t o  have responded r a p i d l y  t o  the c a p t a i n ' s  command 
"Flaps up.fa According t o  t h e  crew sta tements ,  it was the 

raise t h e  f l aps .  It i s  worthwhile t o  note  t h a t  ac tua t ion  of 
f l igh t  engineer who f i n a l l y  responded and who attempted t o  

t h e  wing f l a p s  i s  one of t h e  cockpi t  func t ions  of t h e  non- 
flying p i l o t ,  and n o t  t h e  f l i g h t  engineer. 

around, and a f t e r  t h e  f l i g h t  engineer  noted t h a t  t h e  f l a p s  
Approximately 0 seconds a f t e r  t h e  i n i t i a t i o n  of t h e  go- 

were coming up, b u t  t h a t  they were f'. - . not  going t o  make 
it. . . . I a ,  t h e  go-around at tempt  was abandoned. However, 
evidence found i n  t h e  wreckage ind ica t e s  t h a t  a maximum 

the engine t h r u s t  r eve r se r  d e f l e c t o r  doors were found 
stopping e f f o r t  was no t  made; both t h e  ground s p o i l e r s  and 

stowed. 

which l e d  t o  t h i s  accident ,  t h e  Board would be remiss i f  it 
Having t h u s  o u t l i n e d  t h e  dec i s ions  and measures taken 

d id  not  comment on t h e  underlying f a c t o r s  which prompted 
these events. 

t he  c h a r a c t e r i s t i c s  of t h e  a i r c r a f t  i n  a f u l l - f l a p  
F i r s t ,  it appears t h a t  t h e  cap ta in  was not  c e r t a i n  of 

configuration. This  unce r t a in ty  seems t o  have l e d  t o  a 
s i tua t ion  i n  which he was n o t  i n  s o l e  command of the  
a i r c r a f t  - t o  a s i t u a t i o n  i n  which t h e  r o l e s  of t h e  cap ta in  
and t h e  o t h e r  crewmembers were reversed. This r e l a t i o n s h i p  
was evident  when, s h o r t l y  a f t e r  the f i n a l  approach 
configuration was e s t ab l i shed ,  t h e  f l i g h t  engineer f i r s t  
suqgested, and then t o l d  t h e  c a p t a i n  t o  slow t h e  a i r c r a f t  i n  
order t o  g e t  t h e  f e e l  of it i n  slow f l i g h t  w i t h  f u l l  f l aps .  
The f l i g h t  engineer continued i n  t h i s  i n s t r u c t i o n a l  r o l e  
throughout t h e  approach and landing  sequence of events,  and 
the  cap ta in  responded t o  t h i s  i n s t ruc t ion .  This s i t u a t i o n  
led, i n  t u r n ,  t o  the choice of an inopportune time t o  accept  
ins t ruc t ion ;  t h a t  is ,  during t h e  f i n a l  approach segment of 
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the  f l i g h t .  It was, perhaps, h i s  preoccupation wi th  t h e s e  
aspects of t h e  approach maneuver which caused t h e  c a p t a i n  t o  
f l y  t h e  a i rc ra f t  i n t o  a s i t u a t i o n  from which a s h o r t  and 
hard l and ing  was inevi table .  

a f t e r  t h e  touchdown seems t o  have confused t h e  c a p t a i n  and 
Finding himself i n  a d i f f i c u l t  s i t u a t i o n  immediately 

a f f e c t e d  h i s  f u r t h e r  a c t i o n s  t o  sa lvage  t h e  landing. The 
Board feels t h a t  two f a c t o r s  may have combined t o  cause t h i s  
response: (1) t h e  c a p t a i n ' s  lack of f a m i l i a r i t y  with t h e  
c h a r a c t e r i s t i c s  of t h e  aircraft ,  i n  conjunct ion w i t h  t h e  
l i m i t a t i o n s  imposed by t h e  short  runway a t  t h e  Truman 
Airport ,  made him uncer ta in  of t h e  c o r r e c t i v e  a c t i o n  
requi red;  and (2) h i s  power of  reasoning was d i s rup ted  by 
n a t u r a l  behaviora l  changes which can occur i n  s i t u a t i o n s  
such a s  t h a t  w i t h  which he was faced. 

i 

response t o  dangerous s i t u a t i o n s .  Experiments conducted by 
The second f a c t o r  concerns an ind iv idua l ' s  n a t u r a l  

Davis and repor ted  i n  h i s  s tudy IIHuman Errors and Transport  
Accidents" a/ exp la in  the na tu re  of t h i s  response. Davis 
noted t h a t  man, l i k e  a l l  animals, undergoes c e r t a i n  
behaviora l  changes when danger appears imminent. These 
changes are intended t o  extract him r a p i d l y  and impulsively 
from t h a t  dangerous s i t u a t i o n  without  having t o  go through a 
slower reasoning process. I n  experiments i n  an  a r t i f i c i a l  
cockpit ,  Davis showed t h a t  t h i s  so- cal led emergency 
mechanism i s  det r imenta l  i n  a s i t u a t i o n  which r e q u i r e s  
d e l i b e r a t e  responses because it cance l s  t h e  funct ioning of 
reasoning. These experiments showed t h a t  when a person 
reacts toward a s i t u a t i o n  i n  a way t h a t  experience (and 
t r a i n i n g )  have taught  him t o  be e f f e c t i v e ,  and t h a t  s p e c i f i c  
r e a c t i o n  d e t e r i o r a t e s  t h e  s i t u a t i o n  ins tead ,  t h e  emergency 
mechanism may se t  i n  within seconds. This creates 
confusion, which i n  t u r n ,  i n c r e a s e s  t h e  sense of danger. A 
v i c i o u s  circle is then  formed which l e a d s  either t o  t o t a l  
i n a c t i o n  o r  t o  f r u i t l e s s  measures. 

it is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  c a p t a i n ' s  a t tempts  t o  
I n  r e l a t i n g  t h i s  theory  t o  t h e  circumstances a t  hand, 

sa lvage  t h e  landing by c e r t a i n  a c t i o n s  (such as an  abrupt  
change i n  p i t c h  a t t i t u d e  i n  t he  first place, and then  by 
ac tua t ion  of t h e  s p o i l e r s  during t h e  bounce) only caused t h e  
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s i t u a t i o n  t o  d e t e r i o r a t e ,  c o n t r a r y  t o  h i s  expectat ions.  
From t h a t  po in t  on, t h e  a c t i o n s  taken by t h e  c a p t a i n  do n o t  
seem t o  be e n t i r e l y  rat ional .  

b. Post Crash Aspects 

(1) S u r v i v a b i l i t y  

t h i s  was a su rv ivab le  accident:  The fuse lage  remained 
Based upon t h e  most common means of measurement, 

r e l a t i v e l y  i n t a c t ;  most of t h e  occupants remained 
restrained;  and t h e  occupants had va r ious  means of immediate 
escape from the post- impact f i re .  

crash fo rces  cannot be c a l c u l a t e d  wi th  any degree of 
Although t h e  peak magnitude and dura t ion  of t h e  

accuracy, t h e  known f a i l u r e s  of e i g h t  passenger seats would 

design s t r e n g t h  of the seats. These were mostly l a t e r a l  
indica te  t h a t  t h e  f o r c e s  were of a magnitude c l o s e  t o  the  

fa i lu res ,  according to  the passengers,  and they  occurred as 
a r e s u l t  of t h e  sideward impact force generated when t h e  
a i r c r a f t  came t o  rest a g a i n s t  t h e  h i l l .  Th i s  i s  no t  
surpris ing s i n c e  t h e  p resen t  design c r i t e r i a  r e q u i r e  a 
s t rength of on ly  1-1/29 i n  t h e  l a t e r a l  d i r e c t i o n .  The t o t a l  

t o  have been i n  t h e  o r d e r  of 5 t o  log ' s  peak magnitude, 
q forces  generated by t h e  impact with t h e  h i l l  are es t imated  

applied i n  excess  of 300 t o  t h e  long i tud ina l  a x i s  of t h e  
a i r c ra f t .  Since a v a i l a b l e  l i terature i n d i c a t e s  t h a t  t h e  
human to le rance  t o  abrupt  dece le ra t ion ,  when r e s t r a i n e d  by a 

d i rec t ion  and 10  t o  15 g * s  i n  the l a te ra l  d i r e c t i o n ,  t h e  
sea tbe l t  only,  i s  about 15 t o  209's i n  t h e  l o n g i t u d i n a l  

which could have a f f e c t e d  t h e  success  of t h e i r  evacuation. 
seat f a i l u r e s  needless ly  exposed t h e  occupants t o  i n j u r i e s  

(2) Evacuation 

by t h e  adequacy of emergency e x i t s  and by crew t r a i n i n g  and 
Timely evacuat ion af ter  a c r a s h  is governed both 

leadership. Both f a c t o r s  were presen t  i n  t h i s  case. The 
two complete f r a c t u r e s  of the fuse lage  provided t h e  most 
expeditious means of escape f o r  many survivors, and t h e  f o u r  
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f l i g h t  a t t e n d a n t s  handled t h e  evacuat ion i n  a p ro fess iona l  
manner. 

s tewardesses r equ i red  h e l p  from the passengers t o  open t h e  
Because of t h e  tilt of t h e  a i r c r a f t ,  the  

e x i t  doors. The escape chutes  were deployed without  delay. 

n o t  reach her  pos t  because of the break i n  t h e  fuse lage ,  and 
The stewardess assigned t o  t h e  overwing e x i t  l o c a t i o n  could 

t h a t  s e c t i o n  was without  crew guidance. Because t h e  
opera t ion  of overwing e x i t s  i s  n o t  always understood by 

d e s i r a b l e  t o  have a t  least one crewmember assigned t o  a seat 
passengers,  the  Board has long maintained t h a t  it would be 

near  t h e  overwing e x i t s  during takeoff  and landing 
operat ions.  However, i n  this case, a l l  passengers i n  t h a t  
a rea  s u c c e s s f u l l y  evacuated t h r u  t h e  break i n  t h e  fuselage. 

* (3) Post Impact Fire 

The success  of t h i s  evacuation i s  a t t r i b u t a b l e  t o  
severa l  factors : 

The wings remained a t t ached  t o  t h e  fuse lage  prevent- 
ing  immediate l a rge- sca le  release of fue l .  

of i g n i t i o n ,  remained i s o l a t e d  from t h e  f u e l  source. 
The engines,  which normally c o n s t i t u t e  a major source 

The a i r c r a f t  f u e l  supply was Type A f u e l ,  a kerosene 
grade of f u e l  which has  a h igher  f l a s h  po in t  and 
lower vapor p ressure  t h a n  ei ther  a v i a t i o n  gaso l ine  
or the  Type B f u e l  (JP-4) .  

opposed t o  another  as a safety measure i n  a i rcraf t ,  there 
With respect t o  the use of one type  of f u e l  as 

has been cons iderable  var iance  of opinion. The two main 
f a c t o r s  sovern ins  t h e  f i re  hazards of f u e l s  are ease of 
ign i t ion-and  ra te  of propagation. The f l a s h  po in t  (which i s  
t h e  lowest temperature of t h e  f u e l  t h a t  w i l l  allow i g n i t i o n  
by an e x t e r n a l  source) of Type A f u e l  (kerosene),  is  between 
950 and 1450  F., as opposed t o  those of a v i a t i o n  gaso l ine  
and Type B (JP-4) which are approximately - 500 F., and -loo 
t o  300  F., r e spec t ive ly .  Rate of propagation or flame 
spread i s  probably inf luenced mostly by t h e  vapor pressure  
of a fue l .  Whereas kerosene has a vaDor Dressure of 

gaso l ine  
t o  3.0  1 1  

13 
give of 
above 95 
temperat 
NASA hav 
JP-4 i s  
a rate 0 
circumst 

T t  
c raf t  ac 
t ha t  t k  
form- I 
r e s u l t i l  
f u e l ,  dt 
fuels .  

t o  the 
AlthOUg 
s p i l l e d  
f u r t h e r  
t h e n  be 

a t  tht 
aircra 
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t o  3.0 lbs,/sq. in. 
gasoline i s  5.5 to  7 .0  lbs./sq. i n .  and t h a t  of JP-4 i s  2.0 

give o f f  i g n i t a b l e  vapors u n l e s s  t h e  f u e l  temperature is 
It may be seen, t h e r e f o r e ,  t h a t  kerosene does n o t  

above 950 F., whereas gasol ine  may be i g n i t e d  a t  about any 
temperature and JP-4, a t  most temperatures.  Experiments a t  
NASA have shown t h a t  t h e  r a t e  of propagation of gasoline and 
JP-4 is about 7 0 0  t o  800 f e e t  per  minute while kerosene has 
a r a t e  of less than  100 feet per  minute under t h e  same 
circumstances. 

c r a f t  acc idents ,  no matter which kind of f u e l  is c a r r i e d ,  is 
The reason for  t h e  explos iveness  of fires i n  many air-  

tha t  t h e  f u e l  i s  f r e q u e n t l y  r e l e a s e d  i n  a mist or atomized 

resu l t ing  f l a s h  f i r e  then  h e a t s  t h e  bulk of t h e  sp i l led  
form. A l l  f u e l s  are r e a d i l y  ign i tab le  i n  t h a t  form. The 

fuel, des t roying t h e  b e n e f i c i a l  e f f e c t s  of low v o l a t i l i t y  
fuels. 

The b e n e f i t  of kerosene i s  found i n  acc iden t s  similar 
t o  t h e  s u b j e c t  one, where t h e  release of f u e l  i s  minimal. 
Although a f i r e  may have s t a r t e d ,  t h e  remainder of t h e  
s p i l l e d  f u e l  must be heated t o  i t s  f l a s h  p o i n t  before 
fur ther  i g n i t i o n  can occur. The rate of propagation w i l l  
then be lower than  f o r  o t h e r  fue l s .  

(4) F i r e f i g h t i n q  

It i s  est imated t h a t  t h e  first f i re  engine a r r i v e d  
a t  t h e  scene of t h e  acc iden t  1-to-I-1/2 minutes after t h e  
a i r c r a f t  came t o  a s top.  Considerable smoke was being 
generated a t  t h a t  time and t h e  f i re  had reached s u f f i c i e n t  
i n t e n s i t y  t o  prevent  e a r l y  extinguishment. Although t h e  

a i rpor t  compared favorably  wi th  those a t  o t h e r  a i r p o r t s  
type and amount of f i r e f i g h t i n g  equipment a v a i l a b l e  a t  t h i s  

having as much or more t r a f f i c ,  acc iden t  experience has  
shown t h a t  a i r c r a f t  f i r e s  seem t o  impose problems beyond t h e  

value of the equipment must be found i n  i t s  l i f e s a v i n g  
c a p a b i l i t i e s  of even t h e  most s o p h i s t i c a t e d  equipment. The 

capab i l i t i e s .  Immediate rescue  of occupants and suppression 
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of f i r e  t o  a f f o r d  escape become t h e  d e c i s i v e  f a c t o r s  i n  
accidents ;  saving of the  equipment i s  secondary o r  does n o t  

undeniable. 
play a role a t  a l l .  The value of "Quick-Dash" t r u c k s  is 

capab i l i t y ,  but t h e y  a r e  equipped w i t h  rescue t o o l s  and have 
These t r ucks  have limited f i r e f i g h t i n g  

g rea te r  speed and t e r r a i n  c learance  c a p a b i l i t y  than the  
heavy f i r e  engine. 

a. Findings 

1. 

i 

The preimpact condi t ion  of t h e  a i r c r a f t  was not  
a f a c t o r  i n  this accident.  

2. The weather was not  a f a c t o r  i n  this accident.  

3. The physical  environment of t he  Truman Airport  
is  not  considered t o  have cont r ibu ted  s i g n i f i -  
c a n t l y  t o  t h e  cause of t h i s  acc ident ,  except  
t h a t  the  r e l a t i v e l y  s h o r t  l eng th  of the  runway 
and the surrounding h i l l y  t e r r a i n  may have 
inf luenced  the p i l o t ' s  dec is ions  during t h e  
approach and t h e  attempted recovery maneuvers. 

4. The p i l o t ' s  r e l a t i v e l y  limited experience i n  
t h i s  a i r c r a f t  was a f a c t o r  i n  c r e a t i n g  a break- 
down i n  t h e  exe rc i se  of command i n  the cockpit .  
This ,  i n  tu rn ,  cont r ibu ted  t o  the  c r e a t i o n  of 
a s i t u a t i o n  conducive t o  a hard landing. 

5 .  A r e l a t i v e l y  high r a t e  of descent  was continued 
u n t i l  j u s t  before  t h e  a i r c r a f t  touched down. A t  
t h a t  time, an excess ive p i t c h  con t ro l  i npu t  was 
used t o  i n i t i a t e  a f l a r e  for landing. 

6. The combination of touchdown w i t h  a high rate of 
descent  and a large p i t c h  c o n t r o l  i npu t  combined 
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11. 
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t o  cause  a high bounce of t he  a i r c r a f t .  

The recommended a c t i o n  to recover  from such a 

the  spoilers i n  a circumstance i n  which t h a t  
bounce was n o t  taken; ins t ead ,  t h e  p i l o t  deployed 

a c t i o n  could only  r e s u l t  i n  a c a t a s t r o p h i c a l l y  
hard second landing. 

The RMLG attach s t r u c t u r e  was overs t ressed  by 
t h i s  landing and s t r u c t u r a l  failure followed. 

Subsequent a c t i o n s  on t h e  p a r t  o f ,  t he  crew 

t h e  a i r c r a f t  t o  l eave  the a i r p o r t  boundary and 
increased the s e v e r i t y  of t h e  accident ,  causing 

impact on a near-by h i l l s i d e .  

The evacuation, which was accomplished wi th in  

a t tendants .  
1 minute, was well handled by t h e  cabin 

The success  of the evacuation is a t t r i b u t e d  

minimal and t h a t  t he  a i r c r a f t  used a f u e l  with 
i n  p a r t  t o  the fact t h a t  f u e l  s p i l l a g e  was 

a combus t ib i l i ty  which re ta rded  the immediate 
i n t e n s i t y  of the fire. 

b. Probable 

The National  Transportat ion Safe ty  Board determines 
t h a t  t h e  probable cause of t h i s  acc ident  was t he  cap ta in ' s  
use of improper techniques i n  recovering from a high bowce 
generated by a poorly executed approach and touchdown. Lack 

' of cockpit crew coordinat ion  dur ing  the approach and li attempted recovery con t r ibu ted  t o  t h e  accident.  



c 
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FOOTNOTES 

A l l  times are local ,  A t l an t i c  standard time, based on the 
24-hour clock unless otherwise specified. 

Very high frequency omnidirectional r ad io  range. 

Visual approach s lope  indicator .  

A computed reference  speed based upon 1.3 times t h e  s t a l l  
speed of t h e  a i r c r a f t  i n  t h e  landing configurat ion with 

weight of t h e  a i r c r a f t ,  and it may have speed increments 
the  engines a t  zero th rus t .  This speed va r i e s  wi th  t h e  

added t o  allow f o r  f a c t o r s  such a s  gusty winds. 

Kips (1,000 pounds) per square inch. 

D. Russel l  Davis, Department of Medicine, University of 
Cambridge - (1958) Ergonomics, 2.24. 
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APPENDIX A 

INVESTIGATION 

1.  I n v e s t i g a t i o n  

approximately 1400 e.s.t. on December 2 8 ,  1970. An i n v e s t i -  
The Board received n o t i f i c a t i o n  of t h i s  acc ident  a t  

gat ing team departed from Washington, D. C., a t  2107 t h a t  
evenimg, and a r r ived  a i  t h e  Harry S Truman Airport ,  St. 
Thomas; Virgin I s l ands ,  a t  0245 on t he  following morning. 

a reas  of spec ia l i za t ion :  Operations, Witnesses, Human 
Field working groups were es tab l i shed  f o r  the following 

Factors, S t ruc tures ,  Systems, and Powerplants. P a r t i e s  t o  
the  inves t iga t ion  were t h e  Federal Aviation Administration, 
Trans Caribbean Airways, Air Line P i l o t s  Association, The 

United A i r c r a f t  Corporation. 
Boeing Company, and Pratt  C Whitney A i r c r a f t  Division of 

on January 8, 1971. 
The on-scene phase of t h e  i n v e s t i g a t i o n  was completed 

2. Public Hearinq 

No publ ic  hear ing was held. 

3. Preliminarv R e m a  

was adopted by t h e  Board on February 1 8 ,  1971, and re leased  t o  
the  publ ic  on Apri l  9, 1971. 

A prel iminary r e p o r t  of t h e  a v a i l a b l e  f a c t s  and condi t ions  

t r a n s p o r t  
Capti 

t h e  Doug. 
multiengii 
Boeing 3 
Engineer 
c e r t i f  i c a  

was 10,66 
time. H 

t r a i n i n g .  
p r i o r  t o  

t h e  acc i i  
December 
flown on 
reductio1 
completec 

on Octobl 
1970, an( 

t r a i n i n g  
t r a i n i n g  
personne, 
performa: 

The 

commerci 
F i r  

and mu1 

c l a s s  m 
navigato  

l i m i t a t i  

Mr. 
21,016:; 
w a s  nax 
command) 
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APPENDIX B 

CREW INFORMATION 

t r a n s p o r t  p i l o t  c e r t i f i c a t e  No. 1368858  w i t h  type r a t i n g s  i n  
Captain Fred J. Worle, age 4 0 ,  possesses an a i r l i n e  

t h e  Douglas DC-8 and Boeing 727.  H e  a l s o  has an a i r p l a n e  
mult iengine land  r a t i n g  and commercial p r i v i l e g e s  i n  t h e  
Boeing 317. I n  addi t ion ,  Captain Worle has a F l i g h t  
Engineer c e r t i f i c a t e  N o  1513268. H i s  f i r s t - c l a s s  medical 
c e r t i f i c a t e  is dated July 2 8 ,  1970 ,  with no l imi t a t ions .  

was 10 ,665:33  hours,  of which 350:59 was f l i g h t  engineer 
The cap ta in ' s  t o t a l  f l i g h t  time p r i o r  t o  t h e  accident  

time. H i s  to ta l  pilot-in-command time i n  a Boeing 727,  

t r a i n i n g .  He had made f i v e  e n t r i e s  i n t o  St.  Thomas p r i o r  t o  
prior t o  t h e  accident ,  was 169:34 hours, of which 32:55 were 

t h e  accident.  Three were i n  October 1970 ,  and two were i n  
December 1970 .  H i s  l as t  DC-8 cap ta in  prof ic iency check was 

reduct ion i n  f o r c e  he t r a n s i t i o n e d  t o  t h e  Boeing 7 2 7 ,  and he 
flown on June 2 9 ,  1970 .  Due t o  a recent  furlough and a 

completed t h e  i n i t i a l  t r a i n i n g  program on September 21,  

on October 2,  1970.  He completed 25:07 hours of l i n e  
1970,  and s a t i s f a c t o r i l y  performed an a i r c r a f t  f l i g h t  r a t i n g  

t r a i n i n g  and r o u t e  q u a l i f i c a t i o n  on October 2 4 ,  1970.  H i s  
t r a i n i n g  included rejected landings.  H i s  f l i g h t  t r a i n i n g  
personnel  j a c k e t  con ta ins  t h e  comment "exce l l en t  a l l  around 
performance." 

commercial p i l o t  c e r t i f i c a t e  No. 483494 with a i r p l a n e  s i n g l e  
First Officer Raymond L. Hayles, age 45,  possesses a 

and multiengine land,  and instrument ra t ings .  H i s  f l i g h t  
navigator  c e r t i f i c a t e  is No. 1128430.  H e  possesses a first- 
c l a s s  medical c e r t i f i c a t e ,  dated J u l y  1, 1970,  w i t h  no 
l imi t a t ions .  

Mr. Hayles' t o t a l  f l i g h t  time p r i o r  t o  t h e  accident  was 
21,016:28,  of which 9 , 4 7 1 : 2 8  was p i l o t  time, and 11,545:OO 
was navigator  time. H i s  to ta l  BOeing 7 2 7  time (second-in- 
command) p r i o r  t o  the accident  was 1 ,126:41  hours, of which 
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33:05 were t r a i n i n g .  H e  was t r a i n e d  by Eastern A i r l i n e s ,  
Inc., under c o n t r a c t  t o  TCA and completed second-in-command 
i n i t i a l  q u a l i f i c a t i o n  on June 1 0 ,  1968. H i s  f l i g h t  check 
was s a t i s f a c t o r y .  The t r a i n i n g  sy l labus  and check maneuvers 
included r e j e c t e d  landings  and (three engine) missed 
approaches. H i s  record shows completion of t h e  B-727 
"dif ferences"  t r a i n i n g  requirement on June 16,  1968. Mr. 
Hayles l i n e  q u a l i f i c a t i o n  form conta ins  t h e  comment "very 
good work. 11 

a i r l i n e  t r a n s p o r t  p i l o t  c e r t i f i c a t e  No. 1646510, f l i g h t  
F l i g h t  Engineer Charles R. F e r r e l l ,  age 41, possesses  

engineer c e r t i f i c a t e  No. 1298354, and mechanic c e r t i f i c a t e  
No. 1108782. H i s  p i l o t  r a t i n g s  a r e  a i r p l a n e  s ingle- engine 

H e  is r a t e d  a f l i g h t  engineer  on r ec ip roca t ing  and t u r b o- j e t  
land, and commercial p r iv i l eges ,  a i r p l a n e  multiengine land. 

'.powered a i r c r a f t .  H i s  mechanic r a t i n g s  are air f rame and 
bowerplant. H i s  f i r s t - c l a s s  medical c e r t i f i c a t e  is dated 
October 18, 1970, with the  l imitat ion,  IIHolder must wear 
Correcting g l a s s e s  f o r  near and d i s t a n t  v i s i o n  while 
exercising t h e  p r i v i l e g e s  of h i s  airman's c e r t i f i c a t e . "  

His total  f l i g h t  time p r i o r  t o  t h e  acc ident  was 
17,589:26, of which 4,396:20 hours were p i l o t  time and 

p i l o t  time. p r i o r  t o  t h e  acc ident  f l i g h t ,  was 1,519:54 hours 
13,193:06 were f l i g h t  engineer time. H i s  t o t a l  Boeing 727 

t o t a l  Boeing 727 time a s  a f l i g h t  engineer,  p r i o r  t o  t h e  
(second-in-command), of which 3 1 r 4 4  were t r a in ing .  H i s  

accident  f l i g h t ,  was 144:06 hours, of which 4 0 : l l  were 
t r a in ing .  
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APPENDIX C 

FROM TRANS CARIBBEAN AIRWAYS BOEING 727.  N m O R .  FLIGHT 505, 
TRANSCRIPTION O F  THE FINAL P O R Z E O F  THE COQZPIT VOICE RECORDER 

ST. THOMAS. V I R G I N  ISIANDS. DECEMBER 2 8 .  1970 

LEGEND 

i CAM Cockpit  area microphone 
-1 I d e n t i f i e d  as t h e  Captain  

~ -2 I d e n t i f i e d  as t h e  F i r s t  Officer 
, -3 I d e n t i f i e d  as  t h e  F l i g h t  Engineer 

- ? Uniden t i f i ed  
RDO-2 F i r s t  O f f i c e r a s  Radio Transmission '. TWR St. Thomas Tower Transmission 

& *  Uninte l l ig ible  Word 
# Non-pertinent word 
0 
( (  ) )  E d i t o r i a l  i n se r t i on  

Open t o  f u r t h e r  interpretation 

Time i n d i c a t e d  is seconds p r i o r  t o  end of recording.  

Time t 
Source 

CAM-1 F l a p s  t h i r t y  -- 
CAM-2 T h i r t y  

CAM-2 Goin' r i g h t  on t o  f o r t y  
CAM-I Right  t o  f o r t y  

CAM-? * 
CAM-? Check 
CAM-? Check 
CAM-? **** 
CAM Sound resembling h o r i z o n t a l  trim actuation 

CAM-3 (Actual ly)  a good day t o  slow up -- one one zero a t  

CAM-3 I want you t o  slow it up once and see i f  ya f e e l  it 
e i g h t  

CAM-3 Sound of laugh 
CAM 
CAM-2 The wind s h i f t e d  

Sound resembling h o r i z o n t a l  trim actuation 

CAM-1 # Slow though 
CAM 
CAM-3 And t h e  VAS1 slope shows you ---- Sound resembling h o r i z o n t a l  trim actuation 
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TIME E 
SOURCE 

CAM-1 A l i t t l e  high 
CAM-? Sound of whis t l e  
RDO-2 Trans Carib f i v e  oh f i v e  wind check 
TWR Five oh f i v e  one one zero degrees a t  ten  knots 
RDO-2 'Kay are we c leared  t o  land? 
TWR Cleared to  land 
RDO-2 Thank YOU 
CAM-2 I wasn't su re  whether 'e'd given it to  us or not  
CAM Creaking sound 
CAM-2 Windy gusty 
CAM-2 Aw I mean windy ou t  over t he  ocean the re  *+ even 

CAM- 2 

C&-3 High on your s ink  (now) 
42.6 Sink rate is s i x  hundred 

Cd-?  +* 
CAM- 2 

CAM Sound resembling tha t  of hor izonta l  trim actuat ion  
40.1 Speed a t  about -- t en  above reference speed 

CAM-2 
34.F Sink rate i s  seven hundred 
CAM-2 
31.5 on reference 
CAM 
30.2 Sounds associated w i t h  touchdown includes a sho r t  

CAM-3 
28.4 # t h a t  th ing 
CAM- 1 
26.9 # 

around San Juan 

period high frequency noise of undetermined source 

CAM-? 
25.4 poor nose ( ( s t r a i n e d  vo ice ) )  
CAM 

CAM 
24.6 Sound of very loud thump noise 

CAM-? 
23.1 Sound of i n t e rmi t t en t  warning horn commences 

CAM-? ++  
22.0 (You) take it 

CAM- 2 
20.1 I have 'er 
CAM 
18.1 Sound of very loud thump and continuous noise commences 
CAM 
17.6 Sound of continuous warning horn commences 

CAM- 1 
15.4 
CAM 
15.0 
CAM- 1 
14.4 
CAM- 1 
12.6 
CAM- 3 
12.1 
CAM- 1 

CAM- 3 
8.1 

7.6 

CAM 
0o:oo 
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CAM- 1 

CAM 
15.4 

CAM- 1 
15.0 

CAM- 1 
1 4 . 4  

CAM- 3 
12.6 

CAM- 1 
1 2 . 1  

0.1 
CAM- 3 
7 .6  

CAM 
00 : 00 
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Flaps up 

NO don't go around 

Flaps up -- come on, g e t  I e m  up 

(Runway l i g h t s )  * 
Cornin' up 

Flaps up 

They're coming up -- but you're not  goin' to  make it-- 
you gonna k i l l  us 

End of recording 

. .  
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- EXTRACT FROM BOEING 727 PILOT TRAINING MANUAL 

APPENDIX D 

BOUNCED LANDING RECOVERY 

1 

while holding the approach w e d .  With flaps 40 and idle thrust, a 
thrust  m y  be required during rotation t o  stop the rate of descent 

rapid thrust application and nose up rotation t o  about 10 degrees wLU 

(Not t o  be accomplished i n  the airplane. Discussion only). 

In training, there probably wlll be opportunities t o  observe a recovery 
from a bounced landing. A bounced landing will be deliberately performed. 

- - -  Recovery 

Hold or re-establish normal landing at t i tude and add thrust  as 
necessary t o  control the rate of descent. If only a shallow bounce 
(skip) occurs, thrust  need not be increased. 

Do not push over, a s  t h i s  w l l l  only cause another bounce and possibly 
dslnage the nose gear. 

Do not increase the pitch at t i tude above normal as t h i s  only increases 
the height of t h e  bounce and may cause entry in to  s t a l l  warning. This 
results i n  a second hard touchdown. 

A s  the airplane touches down the second time, use the normal landink 
procedures-8peedbrakes up, brakes on, and engine reverse. 

may be mandatory. Apply go-around thrust  and use normal go-around 
If a hard high bounce occurs and excessive runway is used, a go-around 

procedures. A second touchdown may occur during the go-around. DO NOT 
RETRACT THE mm GEAR UNTIL A PosImvE RATE OF CLIMB IS ESTABLISAED. 

DISCUSSION 

Poor landings usually follow poor approaches.’ 

A smooth touchdown can occasionally be made from a poor approach; 
however, good landings are made consistently from proper approaches. 

- - -  Causes 

Hard o r  bounced landings me generally made from high a prarches at 
higher than normal r a t e s  of descent with excessive an& late rotation. 
Pkrn ahead and monitor the approach angle so that steepening the glide 
path i s  not necessary. See 6-6. High Ilate of Descent Demonstration. 

Rapid rotat ion under the above conditions increases the g loading. 
A t  mLximum landing weight, the stall spsed increases approximately 4 
knots for  each 1/10 g. Thus, rapid rotation will momentarily 
decrease the rate of descent and then the rate will increase as the 
airplane speed decreases. As the speed decreases the power required for 
level flight increases. 

Thrust must be added t o  decrease a high rate of descent when holding 
the proper nmoach  speed (V and using a normal rotation. A t  
rates of descent approaching Y& feet per minute. nearly takeoff 



be required t o  stop the ra te  of descent. Approximately 250 feet v i l l  
be l o s t  i f  VmF is held. g forces vill be approximately 1.3. 

If a i r s p e d  is also decreawd ths loss of a l t i tude  can be reduced. 

When apprO8Chilrg on a steep glide elope, extra airspeed above V 
must be maintained. This combined v i th  an early and smooth roti%on 
can result in a smooth landing. But t h i s  sequence requires very good 
judgment of both the amount of excesa speed and the al t i tude  t o  s t a r t  
rotation. A n y  error results in a poor landing. Stem auurmches a re  
not  reccmmnded. I f  possible intercept the  normal glide path before 
reaching the f i e l d  and establ ish a normal approach. 

A norms1 approach aimed a t  the loo0 foot mrk can r e s u l t  i n  a hard 
landing when the p i lo t  unintentionally moves h ie  ems t o  the approach 
end of the runway as he w a r s  the  runway or  ‘breaks out“ on an instru- 
ment approach. Thus, the nose is droppcd and the r a t e  of descent 
increases--rmnoticed--until too la te .  See Figure 1. 

. 

Figure 1. Bounce Landing 

Hard landings, but rarely bounced landings, can resul t  from a n o m 1  
approach and over-rotation v l th  excessive f loat ing (holding the 
airplane off) .  

ZWEt 
I f  a high hard bounce occurs, the thrust  must bn increased t o  control 
the ra te  or descent f o r  the second touchdovn, or t o  perform a go-around 
i f  excessive runway has been used. 



. 
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